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Abstrak: Kami menjalankan beberapa eksperimen aviari untuk mengenal pasti kesan warna ke atas pemilihan kuantiti oleh dua jenis burung, burung gagak (Corvus splendens) dan burung tiung (Acridotheres tristis). Cacing dalam kuantiti berbeza (tujuh pembahagian berlainan) diberikan kepada burung dalam turutan rawak menggunakan cacing dicat dengan warna merah bagi eksperimen 1 dan menggunakan cacing dicat warna hijau bagi eksperimen 2. Kedua-dua warna cacing merah dan hijau tidak memberi kesan kepada pemilihan kuantiti gagak (merah: ANOVA: F6‚30 = 1.748, p = 0.144; dan hijau: ANOVA: F6‚30 = 1.085, p = 0.394). Namun demikian, burung tiung menunjukkan kesan pengaruh kuat bagi warna merah ke atas pemilihan kuantiti (ANOVA: F6‚30 = 2.922, p = 0.023), dengan burung berjaya memilih jumlah makanan yang lebih besar antara dua cawan, tetapi tidak apabila cacing berwarna hijau ditawarkan (ANOVA: F6‚30 = 1.183, p = 0.342). Dalam eksperimen seterusnya, hipotesis kami ialah kedua-dua burung gagak dan burung tiung akan memilih makanan berwarna merah berbanding warna hijau apabila faktor jumlah makanan adalah sama. Kami memilih untuk menguji warna merah dan warna hijau kerana kedua-dua warna memainkan peranan penting dalam pemilihan makanan burung. Keputusan menunjukkan tiada perbezaan signifikan bagi pemilihan cacing merah dan hijau bagi kedua-dua burung gagak (ANOVA: F6‚30 = 2.310, p = 0.06) dan burung tiung (ANOVA: F6‚30 = 0.823, p = 0.561).

Kata kunci: Kebolehan Mengira, Burung, Gagak, Tiung, Warna

Abstract: We conducted several aviary experiments to investigate the influence of colours in quantity judgments of two species of birds; house crow (Corvus splendens) and common myna (Acridotheres tristis). Different quantity (in seven different food proportions) of mealworms were presented nonsequentially to all birds using artificially coloured red mealworms, for experiment 1, and using artificially coloured green mealworms, for experiment 2. Both red and green coloured mealworms have no significant effect on house crow’s quantity judgments (red: ANOVA: F6‚30 = 1.748, p = 0.144; and green: ANOVA: F6‚30 = 1.085, p = 0.394). Common myna, however, showed a strong influence of red colour in their quantity judgment (ANOVA: F6‚30 = 2.922, p = 0.023) as they succeeded in choosing the largest amount of food between two cups, but not when offered food using green coloured mealworms (ANOVA: F6‚30 = 1.183, p = 0.342). In the next experiment, we hypothesised that both house crow and common myna will prefer red coloured food items over green coloured food items, when factors such as the amount of food is equal. We chose to test red and green colours because both colours play an important role in most avian food selections. Results showed that there were no significant differences in the selection of red or green coloured mealworms for both house crows (ANOVA: F6‚30 = 2.310, p = 0.06) and common myna (ANOVA: F6‚30 = 0.823, p = 0.561).
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INTRODUCTION

Bright and coloured objects are more conspicuous from a distance and plays an important role in animal behaviour. Apart from visual contrast and memory, colour is also important for scene segmentation (Gegenfurtner 2003). Colours can be used as warning signals for insects (Schmidt & Schaefer 2004), courtship display in mating behaviour (Zuk 1992) and signal fruit maturity to attract avian seed dispersers (Willson & Whelan 1990; Murray et al. 1993; Schmidt & Schaefer 2004). Colour appears as a more important feature in the category of food objects (Delorme et al. 2000) if other factors such as taste, nutrition, and accessibility were the same (Willson & Whelan 1990). For humans, colour is an important factor in helping the cognitive system and enhances the memory performances (Wichmann et al. 2002).

Visual cues are important for sensing and picking food for diurnal passerine birds. One of the significant aspects of the visual of birds is the sense of colour which played a role in community ecology, species interaction, seed dispersal, and plant pollination (Avery et al. 1999). Fruit colours are associated to the age of the fruits and often entice the birds to eat fruits and disperse the seed. There are multiple studies that had been conducted since the last three decades to test the function and effect of fruit colour preferences by various species of birds such as Anna hummingbirds, Calypte anna; waxwings, Bombycilla cedrorum; American robin, Turdus migratorius; common crows, Corvus splendens; and common myna, Acridotheres tristis (Stiles 1976; McPherson 1988; Willson & Whelan 1990; Willson & Comet 1993; Willson 1994; Puckey et al. 1996; Kelly & Marples 2004; Schaefer et al. 2008; Rahman et al. 2014).

Birds have demonstrated not only the ability to count (Pepperberg 2006; Hunt et al. 2008), but also excel in colour inclinations (Puckey et al. 1996; Duan & Quan 2013). Compared to other species of birds, crow’s brains are remarkably developed and in some aspects such as causal reasoning, flexibility, and prospection are almost similar to humans (Emery & Clayton 2004). Past studies have shown the exceptional skill of diverse species of crows in both numerical ability and memory (Emery & Clayton 2004; Bogale et al. 2011). Another bird species that had shown remarkable numerical capability is the common myna (Acridotheres tristis). Despite having a small body size, common myna can be considered as a very smart bird species. Common myna showed some tendency for consumer and motor innovations, with 55% and 22% (respectively) of individuals solving the respective tasks (Sol et al. 2012). Apparently, common myna can manage better under novel environmental conditions with increasing cognitive ability (Berthouly-Salazar et al. 2012). Common myna also functioned much better alone compared to working in pairs or group due to the risk and competition (Griffin et al. 2013). Rahman et al. (2014) had shown that both common myna and crows (Corvus splendens) are capable of selecting food items that is higher in quantity. Common myna is shown to be capable of discriminating up to 10 food items, whereas crows success rate are limited to 4 items in comparison. Crows might not rely much on numerical capabilities, but rather choose food items that are in close proximity to where they are perched.

Other researches were likely to emphasis on the purpose of colour in food selections in animals when other factors such as taste, nutrition, and accessibility are the same (Willson & Whelan 1990; Rowe & Skelhorn 2003; Schaefer et al. 2008; Skelhorn 2011). However, to the best of our knowledge, there is almost no evidence linking colours to numerical competency for house crows and common myna. We chose to test red and green colours because both colours play an important role in most avian food selections. Red colour shows ripeness and palatability (Schmidt & Schaefer 2004) especially in fruits while the green colour indicates unpalatability (Ham et al. 2006). The objectives of this study are (1) to detect whether the numerical competency of house crows (C. splendens) and common myna (A. tristis) can be influenced by red or green colours, and (2) between the two colours, red coloured mealworms are more preferred than green coloured mealworms.

MATERIALS AND METHODS

All procedures performed involving animals were in accordance with the ethical standards of Universiti Sains Malaysia (USM). Six house crows were taken from the traps set by the local municipal authority, around Gelugor, Pulau Pinang, Malaysia (5°22.605′N, 100°18.541′E) and six common myna were captured using mist nets around USM campus (5°21′N, 100°18′E). All the captured house crows and common myna were kept in a custom-made wire-mesh cage. The cage is divided into three compartments and the middle compartment is designated as the experiment area and the other two were used to keep the birds. The cage has a translucent panel roof to maximise sunlight penetration. The birds were fed (mealworms, bread, and fruits) twice a day.

Experiments were conducted three days per week, which is on Monday, Wednesday and Friday. The one-day gap between experiments is to minimise stress on the birds. The experiments started at 1500 h and ended approximately at 1700 h. Although birds are typically active during early morning and late evening, the experiments could not be conducted during those time periods due to logistical problems. The cage was built near a parking area and the main road. We found that traffic noise and movement interfered with our video recording session. Throughout the study, we found that the birds cooperated well with the study, regardless during active or non-active periods. The subject was presented with two white paper cups that were placed on a black plastic board, 50 cm apart. All three experiments were recorded using Sony Legria video recorder and followed the protocols described by Hunt et al. (2008). All the mealworms were coloured using non-toxic food colour dye (Star Brand, PBG Sdn. Bhd., Kuala Lumpur). We took spectrographic reading of the normal and coloured mealworms using OceanOptics Jazz portable spectrometer (Douglas Avenue, Dunedin, USA) with Xenon Pulse (Douglas Avenue, Dunedin, USA) lamp as the light source. Object reflectance properties were measured as the proportion of a diffuse reflectance standard (Teflon coated white standard OceanOptics). Spectra were calculated at 5 nm intervals from 400 to 700 nm (visible wavelength for human perception) with SpectraSuite OceanOptics software. Figure 1 shows the percent reflectance wavelength of the normal and coloured mealworms. The spectrographic analysis is important to verify the colours used. Colours based on human vision are subjective, whereas a spectrometer can accurately display the specific wavelength of the colours.
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Figure  1: The percent reflectance wavelength of the normal and coloured mealworms.





There were three sets of experiment. We used red coloured mealworms for the first set of experiment and green coloured mealworms for the second set. Experiments 1 and 2 began with the researcher showing the coloured food items (in succession) to the birds for five seconds. After the researcher had established that the bird had seen the coloured food item, the researcher placed the food item inside the paper cups. We placed a different quantity of food items in each cup, where one cup would have more food items than the other. Seven food combinations (1 versus 3, 1 versus 4, 2 versus 5, 3 versus 7, 5 versus 8, 6 versus 9, and 8 versus 10) were presented to all 12 individuals and the test for each food combination was replicated 6 times. We consider the experiment a success if the bird selects the cup with the higher number of food items. For the third experiment, to test whether a red coloured food item would be more likely to be chosen compared to green coloured food item, we offered both red and green mealworms. Both coloured mealworms were offered simultaneously at the same quantity (one, three, four, five, seven, eight, and nine). To prevent observational learning and preference bias for all the three sets of experiments, the left and right combinations were randomised, as well as the combinations pair (for experiments 1 and 2).

Data Analysis

We considered several statistical analysis choices for the study. Although the choice selection is a binomial design, it does not allow the interaction analysis between success, food proportions, and bird species. A non-parametric approach such as the Mann Whitney U lacks the statistical power. Furthermore, since our number of animal subject is quite limited, each trial experiment is not independent (since we are re-using the same individual). After testing for sphericity with Mauchly test of sphericity, we ran repeated measure ANOVA with the number of successful attempts for each proportion as the dependent variable for experiments 1 and 2. Repeated measure ANOVA allows a closer look at the individual level of how each bird would react to the experiment. However, for experiment 3, as to verify the preference of red over green, the dependent variable is the difference between the amount of red colour selection and green colour selection (Red – Green). Statistical test was conducted using SPSS 20 (IBM Computing, Chicago, Illinois, USA). We also ran bootstrapping (1000 times) on the data. Bootstrapping the data is required due to the small number of sample size and to achieve normal distribution for ANOVA.

RESULTS

Experiments 1 and 2

For experiment 1, involving red mealworms, the results show that there was no significant effect on the numerical abilities of house crows (ANOVA: F6‚30 = 1.748, p = 0.144) (Fig. 2[a]). On the contrary, common myna performed very well with red coloured mealworms, choosing cup containing more food items at frequencies above-chances (ANOVA: F6‚30 = 2.922, p = 0.023) (Fig. 2[b]).

Results from experiment 2 showed that green colour did not have any effect on the successful attempt for all food proportions for both house crow (ANOVA: F6‚30 = 1.085, p = 0.394) and common myna (ANOVA: F6‚30 = 1.183, p = 0.342). Figures 2(c) and 2(d) show the success and failure results for house crow and common myna, respectively.
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Figure  2: Number of success and failures of selection by both birds for experiments 1 and 2. Blue bars represents success (S) and red failures (F).



Experiment 3

For the hypothesis that red colour is more preferred than green, results show that there is no significant difference for the selection of red or green coloured mealworms for both house crows (ANOVA: F6‚30 = 2.310, p = 0.06) and common myna (ANOVA: F6‚30 = 0.823, p = 0.561). Figures 3(a) and 3(b) show the failure and success rates for house crow and common myna, respectively. There were differences in the performance of both species in experiment 3 compared to the first and second experiment. Two individuals (one from each species) did not show any reaction during the experiment. The other birds that did make the selection, alternated between the red and green coloured mealworms indiscriminately. One individual myna showed a specific preference to red.
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Figure  3: Number of selection made between green and red mealworms offered to the birds in different number of food proportions.



DISCUSSION

Rahman et al. (2014) had already demonstrated that both house crow and common myna are capable of quantity judgement and counting. Scarf et al. (2011) had shown that pigeons are on par with primates in terms of numerical capability, although it was suggested that both animals use abstract numerical rule rather than actual counting. In this study, we further tested the idea of how colours could possibly affect the numerical abilities of both bird species. Results of experiment 3 showed that both species of birds showed no specific preference to either red or green colour. We took great care to use an odourless and tasteless food dye for colouring the mealworm. However, since all the food colour dyes are designed for human consumption, we can only speculate it would have the same bland taste to the birds. We also experimented with several types of food items (bread, banana, and apple), but both species only reacted positively towards mealworms. All the birds used in the experiment are naïve, untrained birds. The individuals used are also different test subjects compared to Rahman et al. (2014) previous experiments. The strength of preferences is considered weak when the changes in accessibility can alter the preferences (Willson & Comet 1993; Willson 1994). Individual birds differed in initial colour inclinations, transitivity, and temporal stability of colour preferences (Willson et al. 1990). Previous studies had shown that, when the taste of the food is similar, colour preferences are not exclusive to red colour (Willson 1994). Wild robins (Turdus migratorius) commonly feed on red fruits in the field, but apparently tend to prefer blue fruits in captive conditions (Murray et al. 1993). Another comparison that can be made is from the trichromatic New World primates that have reduced spectral shifts between opsins and also show reduced ability to visually distinguish red–green colour differences (Caine et al. 2003; Dominy et al. 2003; Riba-Hernandez et al. 2004). It is possible that not all species utilise red–green colour perception equally or garner the same benefits from trichromacy (Leonhardt et al. 2009). Since our food item, mealsworms, are not typically accessible to both species of birds, it might have some effect on their preferences. The introduction of a novel food might have caused neophobia (Marples et al. 1998) or dietary conservatism (Thomas et al. 2003).

Both house crows and common myna can be considered omnivorous, therefore both species might not have specific colour preferences compared to frugivorous birds. Fruits chosen by frugivores are based on specific traits; hardly changed, and is consistent (Willson & Whelan 1990). Other than size, shape, and nutrition level in fruits (Willson & Whelan 1990), colour is one of the source of preferences by frugivores over brightness (Puckey et al. 1996). Most fleshy fruits that are attractive and consumed by vertebrates, especially birds, are often red or black (Willson & Whelan 1990; Willson et al. 1990; Puckey et al. 1996) but rarely green or yellow (Willson et al. 1989). Known as opportunistic feeders, both house crows and common myna eat not only fruits, but almost anything including insects, animals, and seeds or grains. Since our food item was not a natural or artificial fruit, it might have some effect on their preferences.

Green colour seemed to have negatively affected the numerical capabilities of both species of birds. Unlike red, green displays foliage colouration (Burns & Dalen 2002) and unripe fruits (Wheelwright & Janson 1985) and mostly indicates less palatability. Marples et al. (1998) had reported that wild blackbirds and robins tend to avoid green coloured baits. However, since we had established that there were no specific preference between colours (red or green), we can only assume that green colour somehow disrupts the numerical capabilities in both species of birds. Since the birds are naïve and did not undergo any preconditioning procedure, the detrimental effect of green colour could have originated from prior experiences in the wild. Studies by Dhandukia and Patel (2012) showed that common myna often uses green leaves and twigs (Azadirachta indica) as the preferred nest materials. For common myna, we postulate that the birds might have associated the colour green as non-edible cues, but still useful for nest building materials.

Referring back to our results about the no significant effect between red and green, there is a possibility that the use of both red and green colours simultaneously could have caused learning confusion for both species of birds. Both house crow and common myna were habituated with different amount of food items, but were given a single consistent amount of food item for experiments 1 and 2. When presented with both colours simultaneously, it may lead to novel experiments or even intervene with their memory with old experiments. Even human infants become habituated to number “2” after repeatedly displayed, but prompt a novelty response when they are shown with number “3” (Feigenson et al. 2002).

Rather than the change in numbers, the change in dimensions of continuous extent may have caused the novelty of the test outcome (Feigenson et al. 2002). When attention is diverted on a demanding task, estimation mechanisms still operate, but with lower precision (Burr et al. 2010). According to Lemaire and Mereille (2007), estimation performance was influenced by the physical features of stimuli only for very large numerosities, presumably because these are poorly represented in long-term memory. Furthermore, under conditions of high attentional load, the precision in the subitising range is reduced to be similar to the estimation range (Burr et al. 2010).

Red colour had no positive effect on the numerical capability of house crows, but had a significant effect on common myna. However, after comparing the original results from Rahman et al. (2014), the results were quite interesting. In choosing normal mealworms (results from Rahman et al. 2014), common mynas made successful attempts on 4 different proportions: 1 vs 4; 2 vs 5; 6 vs 9; 8 vs 10. However, using red coloured mealworms, common mynas made excellent results in proportions of 1 vs 4, 2 vs 5, 3 vs 7, and 5 vs 8. Although common myna showed numerical capabilities when offered with red mealworms, the maximum number of items compared was only limited up to 8. Therefore, we suggest that red colour do affect the numerical abilities of common myna, but somehow reduce the maximum limit of item.

Our result infers that colour does helps common myna with their quantity judgment, but just up to a certain level. Their performance for this session had reached an asymptote, unlike humans and infants who have much more complex and higher level of numerical ability. Wynn (1992) suggests that infants possess true numerical concepts, and humans are innately endowed with arithmetical abilities where they are capable of discriminating, representing, and remembering particular small number of items, and successfully add and subtract over number of items that exceed object-tracking limits (Starkey & Cooper Jr 1980; McCrink & Wynn 2004).

Liebe et al. (2009) suggest that colour can lead to either enhanced or decreased recognition memory for natural scenes dependent on whether the colour is diagnostic for the task at hand. Vision senses numerosity directly, presenting it to consciousness as a visual quality like shape or colour, enabling rough estimates of number to be made without the intervention of counting or other cognitive mechanisms (Burr & Ross 2008). Even if animals are able to discriminate stimuli very well, they often judge them as similar to each other (Gumbert 2000). Common crows reaction suggests that colours do not seem to affect the birds’ numerical ability. Although considered one of the most intelligent birds amongst the avian species, numerical capabilities might not be a forte for this species.

CONCLUSION

Our results had shown that the counting abilities of house crow is not affected by the presented coloured stimuli, which are red and green. We found strong evidence that red colour does influence common myna in quantity judgment, but less consistent evidence that green colour can affect their counting ability. Based on later experiments, we assumed that house crows do not have any inclinations towards these two colours. Common myna also showed no consistent selection in between these two colour preferences. Differences in visual discriminations detected likely also depends on the nature of foraging task. Since we offered subjects with food objects at close range in a non competitive environment, it is more likely they were more unperturbed towards the selection. To understand more about house crows and common myna counting abilities and preferences, additional stimuli such as other type of food items with different size or shape, or different colours can be used in future experiments but larger samples will be required to draw such conclusions.
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Abstrak: Kertas kerja ini membincangkan status terkini Program Pelepasan Semula Burung Upeh di Malaysia dan cabaran yang dihadapinya. Walaupun program ini telah berterusan selama hampir tujuh tahun, terdapat banyak cabaran baharu timbul akibat konflik antara pelaksanaan dasar pemuliharaan dan pembangunan yang berlangsung di Kuala Gula. Oleh itu, populasi burung upeh sukar untuk menyesuaikan diri kerana habitat sedia ada untuk bersarang dan mencari makanan sering terganggu oleh aktiviti antropogenik di samping peningkatan pencemaran di kawasan tersebut. Selain itu, kekurangan latihan yang sesuai kepada burung upeh dalam kurungan sebelum aktiviti pelepasan turut melambatkan proses penyesuaian populasi burung tersebut di habitat yang baru. Beberapa cadangan telah dikemukakan bagi membantu meningkatkan keberkesanan program pengenalan semula ini. Cadangan tersebut termasuk penambahbaikan kaedah latihan yang diberikan kepada burung di dalam kurungan, penambahbaikan keadaan dan persekitaran kandang sedia ada, perlindungan kepada hutan bakau yang masih ada, pembangunan zon penampan bagi mengurangkan kadar pencemaran yang semakin meningkat di kawasan tersebut, pemantauan rapi populasi yang telah dilepaskan dan mengekalkan sokongan berterusan serta kesedaran orang awam. Memandangkan aktiviti antropogenik yang berterusan boleh memberi kesan terhadap status Kuala Gula sebagai kawasan perlindungan burung yang penting, penekanan yang menjurus kepada mencapai pembangunan mampan di seluruh kawasan Kuala Gula perlu diberi perhatian.

Kata kunci: Burung Upeh, Pelepasan, Pemuliharaan, Ekologi, Malaysia

Abstract: This review discussed the current status of the Milky Stork Re-introduction Programme in Malaysia and the challenges it faced. Although it has continued for almost seven years, more challenges appeared as time elapsed mainly due to the arising conflicts between the implementation of conservation policy versus the development projects in Kuala Gula. Hence, the released population is struggling to adapt mainly due to the reduction of suitable habitat for nesting and disturbed foraging areas by the continuous anthropogenic activities. Furthermore, the lack of appropriate training among captive storks prior to being released also slows the adaptation of the birds in their new habitat. The increasing pattern of pollution in the area is also highlighted. Several suggestions were given to help improve the current re-introduction programme. These include improvements to the captive training method, improvement of the existing enclosure’s condition and environment, protection of remaining mangrove forest, creation of a buffer zone to mitigate the increasing pollution level in the area, close monitoring of the released population, and maintaining continuous support and awareness among the public. Considering the ongoing anthropogenic activities that may impair the status of Kuala Gula as an important bird sanctuary, emphasis should be given to achieve sustainable development throughout the area.

Keywords: Milky Stork, Re-introduction, Conservation, Ecology, Malaysia

INTRODUCTION

Captive breeding population plays an integral part in the overall effort to recover an endangered species (Tudge 1992). Although re-establishment of the population can be a long-term process, taking many years to succeed, captive breeding and introduction activity is still being practiced to conserve wildlife (Kleiman et al. 1994). According to the International Union for Conservation of Nature/Species Survival Commission (IUCN/SSC 2013) re-introduction is defined as the intentional movement and release of an organism inside its indigenous range from which it has disappeared as a result of human activities or natural catastrophes. One example is the re-introduction activity involving the Milky Stork (Mycteria cinerea) population in Malaysia. The species is predominantly coastal, inhabiting mangroves and adjacent swamps and has been listed as a vulnerable species due to rapid population decline throughout its ranges (BirdLife International 2013). The species has become extinct in several countries including Thailand and Cambodia and are decreasing in Indonesia and other places (Robson 2002). In Malaysia alone, the number has decreased significantly to no more than five individuals in the wild (Ismail et al. 2010). This species was once scattered in the peninsular ranging along the west coast area (Robinson & Chasen 1936; Gibson-Hill 1949) but now is restricted to the area of Matang Mangrove Forest in Perak.

Kleiman et al. (1994) suggested that for a self-sustaining viable population to exist following its re-introduction there must be an intact functioning ecosystem. It is further stated that several criteria should be considered prior to the re-introduction to ensure the success of the programme. Although some of them were not fulfilled, the re-introduction of the captives was still conducted as a means to study the birds’ behaviour and ecology in their natural habitat. This was also possible due to the positive and stable population growth of the captive-bred population in Zoo Negara which supplied the birds for the programme (Ismail et al. 2011). Thus, several challenges are expected particularly those related to the alteration of certain behavioural traits from prolonged captivity, human imprinting and low density of con-specifics (Sarrazin & Barbault 1996). Nevertheless, the opportunity to understand the ecological processes that lead to the establishment and recovery of the species are compelling and important to any future re-introduction efforts. This paper highlights the current status of Malaysia’s Milky Stork re-introduction, its challenges, and suggests several measures to help improve the programme.

Milky Stork Releasing and Breeding Activities

Prior to the releasing activity, the Milky Stork population undergoes a captive breeding programme in Zoo Negara, which started in 1987 (Ismail & Rahman 2012). Following its success, the first re-introduction was carried out in Kuala Selangor Nature Park (KSNP) in 1998 with 10 captive-bred individuals. Comprising over 200 hectares of coastal land and mangrove swamps, KSNP is one of the important passing routes for migratory birds during their annual migration. Few nesting attempts were made by the stork’s population in the KSNP but no successful outcome was recorded. The captives were then released into the wild in May 2003 after the cage’s roof was damaged by a storm (Sebastian & Sebastian 2005). Furthermore, due to financial constraints, the programme was ended in 2005. Later in 2007, another re-introduction programme was carried out in Kuala Gula Bird Sanctuary in Perak. As the main stakeholders, Zoo Negara (under the management of the Malaysian Zoological Society) and the Department of Wildlife and National Parks (DWNP) are responsible for the continuation and success of the programme. Zoo Negara’s main role is to gradually supply a total of 150 captive-bred Milky Storks to Kuala Gula which started in early March 2007. The Milky Storks are being continuously sent in small batches, usually 5–8 individuals per batch and this is subjected to the availability and total number of the population in captivity. On the other hand, the DWNP’s tasks are to monitor and protect the birds in accordance with the existing legislations and wildlife protection acts. To date, about 50 Milky Storks have been released in Kuala Gula between the year 2007 and 2014.

Kuala Gula is home to a number of resident waterbirds including the endangered Lesser Adjutant (Leptoptilos javanicus) as well as the Milky Stork population. It is also one of the important stopovers for migratory shorebirds. Since the first releasing activity, there have been many attempts to breed by the population but only few were successful. Initially, the key problem faced by the population was mainly due to direct and indirect disturbances from human and predators such as Brahminy kite, long-tailed macaque, water-monitor lizard, etc. Moreover, closer inspection of the nests built during the early releasing activity revealed that many were either incomplete, abnormally proportioned or had insufficient use of nesting materials, and some were too small compared to the female’s relative body size.

A total of four chicks had been successfully hatched and reared in the wild following the re-introduction. The first successful breeding was recorded in early April 2010 with two chicks successfully reared from a total of five eggs laid. The second one was in mid June 2013 also with two chicks successfully reared from a total of eight eggs laid. However, the recent breeding activity of the storks in 2014 has not been successful due to indirect disturbance by human in the nesting area. The nests were built on trees that are close to a busy road. In a study conducted by the authors between 2010 and 2014, nest abandonment was found to be the highest in areas near such activity. The study closely monitored the population’s breeding activity and found out that up to 60% of the cases in which nest abandonment occurred were due to the results of human disturbances and intervention i.e. noise, hunting, deforestation in nearby mangrove, etc. The remaining 40% was due to other factors like weak nest structure, predation, extreme weather, etc. Kuala Gula is one of the hotspots in the northern region for local tourists. Hence, selection of nesting location is very important as the breeding activity could be disturbed easily due to its proximity to human activity.

It is viewed that the Milky Stork requires extensive tract of tall trees for nesting purpose (Li et al. 2006). Throughout this study, the Milky Storks had utilised a number of tree species including Avicennia spp., Rhizophora spp., Sonneratia alba, and Leucaena leucocephala. Normally, the heights of the trees selected for nesting were between 8–10 m (Yatim 1989) and some could reach up to 14 m, with the diameter at breast height (dbh) up to 1.6 m. This suggests that tall and mature mangrove trees are one of the important requirements for nesting by the Milky Stork. However, a recent survey conducted in November 2014 revealed that approximately 28.35 ha of the mangroves along the coast of Kuala Gula have been felled to give way to aquaculture activity (Rahman & Ismail 2014). Unfortunately, many of the areas cleared were once associated with the Milky Stork’s foraging activity (Fig. 1). Such activity will further lead to the reduction of available nesting trees and the materials needed for nest building which could negatively affect the long term survival of the released population. Currently, there are at least 22 individuals that can still be seen in Kuala Gula, including the 4 juveniles that were reared in the wild. The fate of the remaining individuals is still unknown and it is possible that some of them have already dispersed or moved out of Kuala Gula. Evidently, urgent action is needed to conserve the remaining population.
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Figure  1: The size of area used by the Milky Stork population (disturbed vs undisturbed) as surveyed in 2014.



Milky Stork Foraging Activity and Frequency

Figure 2 shows the percentage of visits made by the stork’s population in different foraging areas between 2011 and 2012. A study was conducted by the authors between 2011 and 2012 to understand the Milky Stork’s foraging habitat utilisation. The birds were followed to their respective foraging areas and their activity was recorded. Some of the important findings were highlighted in this paper. In general, visit frequency varies between the sites studied and certain areas were only utilised during the breeding period. In the early phase of the release activity (July to October 2011), the Milky Stork’s visits to the release centre were much higher compared to other foraging areas, 44% to 47% of the times. Eventually, an increase in the number of visits to the shrimp farms was recorded, with 42% to 83% of visits (November 2011 to December 2012). An active shrimp pond usually last for three months before it dries up and is re-used again. As the pond’s water level drops and its bottom is exposed, it attracts the Milky Storks and other waterbirds to forage on the remaining or left over shrimps. Thus, during harvesting period, the number of feeding visits made by the storks to the centre was significantly lower compared to non-harvesting season as the birds will stay near the ponds for most of the times. In addition, few individuals will not leave the area after harvesting period ends and continue to forage along the brackish water nearby. As more land-based aquacultures are developed in Kuala Gula, the stork population could take advantage of such activity for acquiring food. The use of man-made structures such as the shrimp farms as an extension to normal foraging grounds can be advantageous as it would provide temporary relief to the waterbirds (Kloskowki et al. 2009). However, prolonged exposure to anthropogenic activities could also have a negative impact on the population in the long term. Moreover, the uncontrolled land reclamation could lead to the population’s over-reliance on aquaculture activities and could also affect the migratory shorebirds that use the area as a stopover. Further studies are required to highlight this matter.

Pollution Status and Pattern in Kuala Gula

The recent deforestation and reclamation of Kuala Gula’s mangroves could also affect the quality of its aquatic habitat. For instance, Kuala Gula was once known for its pristine condition with low contamination input from its land (Lomoljo et al. 2009, 2010). However a recent study conducted in the Milky Stork’s foraging areas revealed that the continuous development of Kuala Gula’s coastal area is contributing to the increase in the level of trace metals that could be harmful to the waterbirds population (Rahman et al. 2013). Furthermore, at least 50% of the anthropogenic inputs studied were attributed to the ongoing land reclamation for fisheries and aquaculture industries throughout the area. Although the contamination that occurred was site-specific and localised, with the recent development and pattern of anthropogenic activities in the area, other parts of Kuala Gula mangroves will most likely be affected too. Hence, this would lower the overall quality of the habitat in the future. Metal contamination in the waterbirds community has been well-discussed and some of the problems include thinning of eggshells, premature hatching, and deformities in the young (De Luca-Abbot et al. 2004; Horai et al. 2006; Ayas 2007; Kim & Koo 2007). Thus, the pollution level in Kuala Gula needs to be continuously monitored as part of the effort to conserve the released Milky Stork population and other birds in general. In addition, studies on the birds’ diet quality should be considered to highlight the potential risk that they could be facing in the future.
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Figure  2: Percentage of foraging visits made by the released Milky Storks between 2011 and 2012.

Notes: S1 - jetty area; S2 - drainage; S3 - shrimp ponds; S4 - intertidal mudflats; S5 - release center.



The Use of Biologging to Study the Re-introduced Population

Studying a free-roaming waterbird can be very hard. Thus, telemetry and tagging science have been employed to assist field biologist and scientist in behavioural and ecological studies. Recent advances in the technology and models used in bio-logging have helped revolutionise ecological studies which permits observation beyond the standard or conventional measurement methods (Bograd et al. 2010). Bio-logging allows for continuous monitoring of unrestrained free-ranging animal in their own environment which eliminates laboratory artifacts and the need to remove animals with reproductive potentials from their population (Cooke 2008). Ismail et al. (2012) tried to use the bio-logging technique to study the captive stork population in Zoo Negara between 2010 and 2012. Both the techniques and devices i.e. digital loggers were tested on the captives to develop the best placement and to identify important behaviors of the species for future studies. They concluded that few adjustments and improvements are required before it can be fully-applied to the re-introduced population. These include the need to use the appropriate techniques for logger deployment and its recovery, as well as the design of the device used and its recording capacity. Furthermore, the data obtained during the study had allowed for the development of an algorithm for data compression that could help in a long-term monitoring activity. Although bio-logging science has been widely used to study marine animals including seabirds, its application is still new in developing countries like Malaysia. Thus many challenges are expected before appropriate knowledge and techniques can be employed by our scientists. In general, there are still much information required on the behaviours, habitat utilisation and the daily challenges faced by the population to support any serious conservation measures. Nevertheless, the benefits that one could gain from bio-logging science to gain deeper understanding on the birds’ behaviour and ecology should be explored.

Public Awareness and Support

A preliminary survey was conducted by Ismail et al. (2010) to determine the public’s awareness and perception towards the reintroduction programme. Out of the 60 respondents, more than half of them were aware of the programme either through formal or informal communication with the staffs supervising the project. This is particularly true for those living close to the release centre. However, all of the respondents did not feel that they are responsible for the success of the programme at that time. Another survey with an equal sample size conducted between 2013 and 2014 showed that the public was more informed and aware of the Milky Stork presence (more than 95% of the respondents surveyed). Some locals even acted as informants of the population’s whereabouts and activities which made monitoring and protection of the Milky Storks easier. Although the waterbirds in general are regarded as pest or threat to the aquaculture industry as they prey on aquaculture products, the losses are actually relatively low compared to other causes of mortality such as diseases, accidents, and poor water quality (Kushlan & Hafner 2000). As the Milky Storks foraging areas also comprise of extensive shrimp farms throughout Kuala Gula, regular meetings with shrimp farmers or workers helped to educate them and raise their awareness on the importance of protecting the released population. In addition, continuous engagement with the public including tourists by researchers during the research activity and visits they made to the release centre also had similar impact. Therefore, continuous engagement of the staffs and researchers with the public also played an important role as part of the integrated efforts to conserve the reintroduced population.

Suggestions to Improve the Current Re-introduction Programme

According to Ismail et al. (2010) almost all of the individuals sent to Kuala Gula were at a very young age, between 1–3 years old. One of the reasons for the selection of young individuals is to avoid losing the birds as they are less mobile and unlikely to leave the area. As for their ability to breed, the population has been reported to achieve sexual maturity at the age of 3 years old (Yaacob 2008). However, considering the prolonged time spent in captivity as well as the lack of experience of the population prior to release, their adaptation can be very slow in the new environment. In addition to that, the population was also continuously exposed to and fed by humans during their conditioning phase in Kuala Gula which could further delay their adaptation process after being released. As the wild Milky Stork population in the country is close to extinction, captive source is used as a last resort for the reintroduction. However, artificial selection in captive environments has been found to erode the genetic basis for morphological, physiological, and behavioural traits resulting in the captive-born individuals unable to perform correct behaviour in a given situation or not performing well enough to survive in the wild (Miller et al. 1999; McPhee 2003). Thus, emphasis should be given to develop specific skills that are important to the population’s survival.

Based on past experiences and available reports, the following suggestions could help improve the Milky Stork re-introduction programme:

	Improvement of the captive training method
There is a need to improve the current approach or technique used to train captives during conditioning or pre-release phase. These include: a) predator avoidance (recognition and aversion) to help develop appropriate anti-predator behaviour; b) locomotion and fitness training, whereby according to Reading et al. (2013) most animals from a captive environment receive insufficient exercise and opportunities to develop appropriate level of fitness they require after release. In addition, most mortality occurred during the period immediately after release due to lack of fitness while simultaneously facing challenges of avoiding predation and learning about the new environment (Miller et al. 1990). Therefore, providing appropriate stimuli to increase the captives’ fitness is very important prior to their release especially if the space of the enclosure is small; and c) developing appropriate foraging skills among the captives by developing or promoting desired skills that are necessary to forage efficiently in the wild. However, little information on the bird’s biology and ecology are available at the moment. Therefore we encourage more researchers from different backgrounds to collaborate among themselves, focusing their efforts on studying endangered species like the Milky Stork.


	Improvement of the enclosure’s condition and environment
Another important aspect that needs to be improved is the enrichment of the enclosure’s environment by incorporating natural trees for perching and nesting as well as the inclusion of a natural foraging ground i.e. mudflat area for the birds to better adapt to the new environment. This will work in tandem with the previous training given to the Milky Stork population so that they can forage independently and effectively after being released. However, the current enclosure used during the conditioning phase may not be sufficient to sustain a large number of captives. Thus, a bigger enclosure is required and if possible, a new one should be built farther from the current anthropogenic activities in Kuala Gula.


	Use of a skilled individual as a model to promote the correct social setting
Prolonged time and generations in a captive environment increases the degeneration of behaviour skills which reduce the survival rate of the reintroduced population (Kraaijeveld-Smit et al. 2006; Shier & Owings 2006). In addition, it was found that learned behaviours often degrade faster than genetic diversity during captivity (May 1991; Alberts 2007). Thus, the use of a skilled individual or a group of them as a model to promote the correct social setting among the captives can be considered.


	Protection of the remaining mangrove forest
Another serious concern is that with the ongoing development pattern in Kuala Gula, the availability of undisturbed areas may be inadequate to sustain the increasing number of populations in the future. Although the stork population may be able to take advantage on the massive aquaculture activity in the area, the same thing may not apply for their breeding. Therefore, the remaining undisturbed foraging areas and the mangroves should be protected as not to restrict the bird’s nesting and foraging activities in the future.


	Establishment of buffer zones
There is also a need to create buffer zones to help mitigate the negative impacts from continuous anthropogenic activities and increasing pollution causing activities along Kuala Gula coastal area.


	Maintaining public support and awareness
Engagement with the public i.e. giving talk, seminar, exhibition, and other related awareness programmes should be done continuously to ensure consistent support and the long-term success of the re-introduction programme.




To summarise, the challenges currently faced by the programme stem from several reasons which include: (1) conflicting interest over the promotion of capital development versus conservation matters; (2) lack of pre-release preparations of the subject; (3) increasing pollution threats from anthropogenic activities; and (4) few studies conducted to understand the bird’s behaviour and ecology after release. The importance of the Kuala Gula habitats to the released Milky Stork population as well as other resident and migratory birds should be included in Kuala Gula’s conservation framework. The above suggestions may help tackle some of the main problems that are currently faced by the programme. However, for a long-term solution, more engagement from local scientists to conduct integrated studies as well as support from the authority and the public are required. Emphasis should also be given on achieving biodiversity sustenance rather than aggressive economic development throughout Kuala Gula to maintain its status as one of the important bird sanctuaries in the country.
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Abstrak: Fasciolosis merupakan penyakit bawaan air dan makanan yang disebabkan oleh fluk hati Fasciola hepatica dan Fasciola gigantica. Penyakit ini menular di pelbagai bahagian di dunia ini. Siput Lymnaeidae and Planorbidae ialah perumah perantara bagi fluk ini. Pengurusan populasi siput menjadi kaedah terbaik bagi mengawal fasciolosis kerana gastropod merupakan rantaian yang paling lemah dalam kitaran hayat trematod. Klorofil boleh diekstrak dari sebarang tanaman hijau. Klorofilin disediakan daripada bayam dalam etanol 100% dengan menggunakan pelbagai jenis bahan kimia yang berbeza. Klorofil yang diperoleh daripada bayam bertukar menjadi klorofilin larut air. Dalam kajian yang dijalankan ini, ketoksikan klorofilin bagi menghapuskan siput Lymnaea acuminata bergantung kepada masa dan kepekatan. Ketoksikan klorofilin yang diekstrak dan yang tulen di bawah cahaya matahari secara berterusan selama 4 jam adalah tinggi dengan kepekatan maut (LC50) 331.01 mg/L dan 2.60 mg/L, masing-masing, berbanding dengan pendedahan kepada cahaya matahari selama 8 jam yang bukan secara berterusan dengan LC50 357.04 mg/L dan 4.94 mg/L, masing-masing. Ketoksikan klorofilin yang diesktrak dapat diketahui dengan kehadiran cahaya nampak monokromatik yang berbeza. Ketoksikan yang paling tinggi didapati dalam cahaya kuning (96 jam, LC50 392.77 mg/L) dan yang paling rendah dalam cahaya hijau (96 jam, LC50 833.02 mg/L). Kewujudan klorofilin dalam kombinasi dengan radiasi solar atau cahaya nampak monokromatik yang berbeza panjang gelombangnya mungkin menjadi satu penawar pendam bagi menghapuskan siput L. acuminata. Klorofilin terbukti lebih toksik dalam kehadiran cahaya matahari. Klorofilin adalah selamat dari segi ekologi dan lebih berekonomi berbanding molusisid sintetik yang berpotensi mengawal insiden fasciolosis di negara-negara membangun.

Kata kunci: Fasciolosis, Fasciola gigantica, Lymnaea acuminata, Klorofilin, Cahaya Monokromatik

Abstract: Fasciolosis is a water and food-borne disease caused by the liver fluke Fasciola hepatica and Fasciola gigantica. This disease is widespread in different parts of the world. Lymnaeidae and Planorbidae snails are the intermediate hosts of these flukes. Snail population management is a good tool to control fasciolosis because gastropods represent the weakest link in the life-cycle of trematodes. Chlorophyll can be extracted from any green plant. Chlorophyllin was prepared from spinach in 100% ethanol by using different types of chemicals. The chlorophyll obtained from spinach was transformed into water-soluble chlorophyllin. In the present paper, toxicity of chlorophyllin against the snail Lymnaea acuminata was time and concentration dependent. The toxicity of extracted and pure chlorophyllin at continuous 4 h exposure of sunlight was highest with lethal concentration (LC50) of 331.01 mg/L and 2.60 mg/L, respectively, than discontinuous exposure of sunlight up to 8 h with LC50 of 357.04 mg/L and 4.94 mg/L, respectively. Toxicity of extracted chlorophyllin was noted in the presence of different monochromatic visible lights. The highest toxicity was noted in yellow light (96 h, LC50 392.77 mg/L) and the lowest in green light (96 h, LC50 833.02 mg/L). Chlorophyllin in combination with solar radiation or different wavelength of monochromatic visible lights may become a latent remedy against the snail L. acuminata. It was demonstrated that chlorophyllin was more toxic in sunlight. Chlorophyllin is ecologically safe and more economical than synthetic molluscicides which have the potential to control the incidence of fasciolosis in developing countries.
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INTRODUCTION

Fasciolosis is one of the most debilitating zoonotic diseases. Fresh water snail Lymnaea acuminata is the vector of liver flukes Fasciola gigantica, which causes endemic fasciolosis in cattle populations in Northern parts of India (Singh & Agarwal 1981; Singh & Singh 2016). About 94% buffaloes slaughtered in Gorakhpur, UP, India, are infected with F. gigantica (Singh & Agarwal 1981; Sunita et al. 2016). No continent is free from fasciolosis (Soliman 2008). The epidemiology of human fasciolosis has changed in recent years and significantly increased in the last two decades (Mas-Coma et al. 2005, 2009). Snail control is one of the best methods to eliminate fasciolosis. Mollusciciding is still in the centre of efforts to control fasciolosis. Synthetic molluscicides have been widely used for the effective control of carrier snails (Singh et al. 2010; Singh et al. 2012). Now it has been realised that synthetic molluscicides are toxic to non-target animals and have a long term detrimental effect on the aquatic environment (Shafer et al. 2005; Upadhyay & Singh 2011). The molluscicides of plant origin are gaining importance than their synthetic counterparts (Singh et al. 1996). The derivates of chlorophyll is a very promising substance for snail control. Chlorophyllin can be easily extracted from any green plant. It is very economical and biodegradable. Molluscicidal activity of chlorophyllin has been reported against Lymnaea stagnalis, Biomphalaria spp. and Physa marmorata (Mahmoud et al. 2013). Previously, it has been reported that chlorophyllin is a potent larvicide (Wohllebe et al. 2009). Recently, it has been reported by Singh and Singh (2015) that the combination of monochromatic visible light with chlorophyllin has effective larvicidal activity against F. gigantica. Visible light spectrum initiates the orientation and locomotion of exposed snails towards a light source (Sakakibara et al. 2005). It was also noted that the L. acuminata snail monitors the intensity variation of visible light (Tripathi et al. 2013, 2014). Kumar and Singh (2015) reported that the toxic effect of chlorophyllin against Lymnaea acuminata in the presence of red light and sunlight. The aim of this present study is to evaluate the photo-toxicodynamic activity of extracted/pure chlorophyllin against fresh water snail L. acuminata in sunlight and in different wavelengths of monochromatic visible light.

MATERIALS AND METHODS

Pure Compound

Chlorophyllin was purchased from Sigma Chemical Co. (St. Louis, Missouri, USA).

Experimental Animal

The fresh water snail, L. acuminata (2.35±0.30 cm in length) was collected locally from ponds, lakes, and low lying submerged fields in Gorakhpur and was used as the test animals. The collected snails were acclimatised for 72 h in laboratory conditions. The experimental animals were kept in a glass aquarium containing dechlorinated tap water at room temperature (22°C–25°C). The pH, dissolved oxygen, free carbon dioxide, and bicarbonate alkalinity were 7.1–7.3, 6.5–7.3 mg/L, 5.2–6.3 mg/L, and 102–105 mg/L, respectively. Dead animals were removed immediately to prevent the water from being contaminated by decaying tissue.

Preparation of Extracted Chlorophyllin

Preparation of chlorophyllin was done according to the method of Wohllebe et al. (2011). Chlorophyll was isolated from spinach using 100% ethanol (for about 2 h at 55°C). Then, CaCO3 (about 1 mg/gm plant material) was added as a buffer, to prevent the transformation of chlorophyll into pheophytin. Before adding benzene the extract was irradiated with solar radiation for 1–2 h. The extract was filtered and 50 mL benzene was added. After addition of benzene, the mixture was shaken well and as a result the chlorophyll moved into the lipophilic benzene phase. The two phases were separated in separatory funnel and about 1.0 mL methanolic KOH was added to 50 mL of the benzene phase. Upon agitation the chlorophyll came into contact with the methanolic KOH and was transformed into water-soluble chlorophyllin. This process occurs due to the breakage of the ester bond between the chlorophyllin and the phytol tail by saponification. After separation of the methanolic KOH phase and the benzene phase, most of the chlorophyllin was found in the KOH phase. The extract was stored in a dark flask at room temperature. Only fresh chemicals were used in the course of these experiments.

Design of Photo Toxicity Experiments

Light experiment was set up according to the method of Tripathi et al. (2013). Xenon arc lamp (500 W) was used as the visible light source. Spectral response from 400 nm to 650 nm were produced with the help of the interference colour filters. Exposure of monochromatic light at different wavelengths and fixed intensity (500 Wm–2) was used to study their effects on snail’s mortality.

A glass aquarium (70 cm diameter and 15 cm height) was filled with 3 L of dechlorinated tap water. Ten L. acuminata snails were placed in each aquarium. Then, all the 10 snails were exposed to different concentrations of extracted chlorophyllin and monochromatic visible light. Each treatment of extracted chlorophyllin and monochromatic visible light was replicated six times. Experiment was done at a room temperature of 22°C–25°C.

Toxicity Experiment

Toxicity experiments were done according to the method of Singh and Agarwal (1984). A total of 10 snails were placed in a glass aquarium containing 3 L of dechlorinated tap water. In all 3 sets (treated/control) of experiment, 10 snails were used at different concentrations of extracted/pure chlorophyllin (Table 1). For the first set of experiments, snails were treated with extracted chlorophyllin (600 mg/L, 700 mg/L, 800 mg/L, and 900 mg/L) in laboratory conditions (no exposure to sunlight or monochromatic visible light). Mortality of snails in laboratory condition was recorded at 24 h up to 96 h. In the second set of experiments, the extracted and pure chlorophyllin (200 mg/L, 300 mg/L, 500 mg/L, and 700 mg/L, and 2 mg/L, 4 mg/L, 6 mg/L, and 8 mg/L, respectively) was continuously exposed for 4 h in sunlight (10:00 a.m. to 2:00 p.m.). Mortality was recorded at every 1 h interval up to 4 h, and in another experiment the extracted and pure chlorophyllin (200 mg/L, 300 mg/L, 400 mg/L, and 500 mg/L and 3 mg/L, 5 mg/L, 7 mg/L, and 9 mg/L, respectively) was discontinuously exposed for 8 h in sunlight and a break of 1 h was given after each 2 h exposure to sunlight up to 8 h. Mortality was recorded at every 1 h interval up to 8 h. During the break period, the animals were placed under laboratory condition for 1 h. The third set of experiments was set up to observe the mortality of extracted chlorophyllin (300 mg/L, 500 mg/L, 700 mg/L, and 900 mg/L) treated snails in the presence of different wavelength of monochromatic visible lights in place of sunlight, while other controlled variables were held constant. Mortality of snails in laboratory condition was recorded at 24 h up to 96 h. For the first, second, and third sets of experiments, three types of control groups, I, II, and III, were also set up. In control group I no treatment of chlorophyllin was given in laboratory condition. In control group II, snails were only exposed to sunlight without any treatment of chlorophyllin. In control group III, snails were only exposed to monochromatic visible lights in laboratory condition without chlorophyllin treatment. Each treatment (treated/control) was replicated 6 times. Dead animals were removed from the aquarium immediately to avoid any contamination of water. Snail mortality was established by the contraction of the body within the shell and absence of response to a needle probe was taken as evidence of death.

The experiment was designed to observe the effect of extracted chlorophyllin in laboratory conditions (Table 2). Thereafter, the second set of experiments was designed to observe any effect of continuous exposure of sunlight or interrupted exposure of sunlight against chlorophyllin treated snails (Tables 3 and 4). In another experiment, the effect of different monochromatic visible lights on extracted chlorophyllin toxicity against L. acuminata was recorded (Table 5). All the above experiments indicate that continuous exposure of chlorophyllin in sunlight causes more toxicity against snails than laboratory condition. Interruption of light exposure also affects toxicity of chlorophyllin whereby the use of chlorophyllin in a cloudy environment will certainly affect the chlorophyllin’s activity against snails. Toxicity observed in different spectral bands also indicate that variation in wavelength of visible light has a significant effect on the toxicity of chlorophyllin. Longer wavelength range red and yellow was more effective against chlorophyllin treated snails.

The lethal concentration values, lower and upper confidence limits (LCL, UCL), slope values, t-ratio, g-values, and heterogeneity factors were calculated using POLO computer software (Petaluma, CA, USA) (Robertson et al. 2007). The regression co-efficient between exposure time and different values of lethal concentration (LC50) was determined (Sokal & Rohlf 1996).

Table 1: Concentration of extracted and pure chlorophyllin used in toxicity experiment against L. acuminata.



	Experimental design
	Chemical


	Concentration (mg/L)





	Continuous exposure of sunlight
	Ext Chl


	200, 300, 500, 700





	
	Pure Chl


	2, 4, 6, 8





	Discontinuous exposure of sunlight
	Ext Chl


	200, 300, 400, 500





	
	Pure Chl


	3, 5, 7, 9





	Different spectra of light
	Ext Chl


	300, 500, 700, 900





	Laboratory condition
	Ext Chl


	600, 700, 800, 900






Note: Ext Chl - extracted chlorophyllin; Pure Chl - pure chlorophyllin.

Table 2: Toxicity of extracted chlorophyllin in laboratory condition against L. acuminata.

[image: art]

Notes: Six batches of 10 snails were exposed to different concentrations. Mortality was determined at 24 h to 96 h. Concentrations given are the final concentration (w/v) in the glass aquarium water. Ext Chl - extracted chlorophyllin; Pure Chl - pure chlorophyllin; LCL - lower confidence limit, UCL - upper confidence limit. Significant negative regression (p<0.05) was observed between exposure time and LC50 treatments. Ts - testing significance of the regression coefficient - Ext Chl –3.72+ to –2.23+ and 265.8++ to 1268++ was observed. +Linear regression between X and Y. ++Non-linear regression between X and Y.

Table 3: Toxicity of chlorophyllin against L. acuminata with continuous exposure (10:00 a.m. – 02:00 p.m.) of sunlight.

[image: art]

Notes: Six batches of 10 snails were exposed to different concentrations. Mortality was determined at 1 h up to 4 h. Concentrations given are the final concentration (w/v) in the glass aquarium water. Ext Chl - extracted chlorophyllin, Pure Chl - pure chlorophyllin, LCL - lower confidence limit, UCL - upper confidence limit. Significant negative regression (p<0.05) was observed between exposure time and LC50 of treatments. Ts - testing significant of the regression coefficient - Ext Chl –343.9+ to –41.22+ and 0.0++ to 1973++ and Pure Chl –4.47+ to –1.35+ and 0.0++ to 27.00++ was observed. +Linear regression between X and Y. ++Non-linear regression between X and Y.

Table 4: Toxicity of chlorophyllin against L. acuminata with discontinuous (1 h interval) exposure in sunlight.
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Notes: Six batches of 10 snails were exposed to different concentrations. Mortality was determined at 2 h to 8 h each with 1 h intervals. Concentrations given are the final concentration (w/v) in the glass aquarium water. Ext Chl - extracted chlorophyllin, Pure Chl - pure chlorophyllin, LCL - lower confidence limit, UCL - upper confidence limit. Significant negative regression (p<0.05) was observed between exposure time and LC50 treatments. Ts - testing significant of the regression coefficient - Ext Chl –66.85+ to –42.51+ and 0.0++ to 1268++ and Pure Chl –1.81+ to –0.59+ and 0.0++ to 25.10++ was observed. +Linear regression between X and Y. ++Non-linear regression between X and Y.

Table 5: Toxicity of chlorophyllin in the presence of different spectra of light against L. acuminata.
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Notes: Six batches of 10 snails were exposed to different concentrations. Mortality was determined at every 24 h up to 96 h. Concentrations given are the final concentration (w/v) in the glass aquarium water. Ext Chl - extracted chlorophyllin, LCL - lower confidence limit, UCL - upper confidence limit. Significant negative regression (p<0.05) was observed between exposure time and LC50 of treatments. Ts - testing significant of the regression coefficient of green light –13.31+ to –2.62+ and 0.0++ to 2520++, violet light –13.73+ to –3.86+ and 0.0++ to 2629++, blue light –9.46+ to –3.10+ and 0.0++ to 1889++, orange light –10.12+ to –3.71+ and 0.0++ to 1887++, red light –9.05+ to –3.14+ and 0.0++ to 1685++, white light –5.89+ to –1.67+ and 0.0++ to 1188++, yellow light –3.63+ to –2.58+ and 0.0++ to 1018++ was observed. +Linear regression between X and Y. ++Non-linear regression between X and Y.

RESULTS

The molluscicidal activity of extracted/pure chlorophyllin was tested at different times of exposure to various light spectra and chlorophyllin concentrations against the host snail L. acuminata (Table 1). A significant (p<0.05) negative regression was observed between the exposure time and the LC50 of the treatments (Tables 2–5). The toxicity of extracted chlorophyllin at 96 h, LC50 was 666.56 mg/L in laboratory condition (Table 2). Continuous 4 h exposure of sunlight in experimental aquarium containing chlorophyllin caused significant mortality in snails. Toxicity of extracted and pure chlorophyllin at continuous 4 h exposure of sunlight (4 h, LC50 331.01 mg/L and 2.60 mg/L, respectively) was more than break of 1 h after each 2 h exposure of sunlight up to 8 h (8 h, LC50 357.04 mg/L and 4.94 mg/L, respectively) (Tables 3 and 4). Toxicity experiment was conducted in laboratory condition with extracted chlorophyllin in the presence of monochromatic visible light. The highest toxicity in yellow light (96 h, LC50 392.77 mg/L) and lowest in green light (96 h, LC50 833.02 mg/L) was observed (Table 5). There was no mortality in control groups I, II, and III. It was observed that both extracted/pure chlorophyllin was more toxic in sunlight than in laboratory conditions.

The slope values were steep and the separate estimation of the LC50 based on each of the six replicates was within the 95% confidence limits of LC50. The t-ratio was greater than 1.96, the heterogeneity factor was less than 1.0, and the g-value was less than 0.5 at all probabilities (90, 95, and 99) levels (Tables 2–5).

DISCUSSION

Chlorophyllin, a product of chlorophyll is a very effective photodynamic substance to control host L. acuminata. Recently, the toxicity of chlorophyllin in different wavelengths of visible light against redia and cercaria larvae of F. gigantica has been reported by Singh and Singh (2015). The larvicidal efficiency of chlorophyllin was demonstrated by Wohllebe et al. (2009) from spinach against mosquito larvae (Chaoborus crystallinus). Even at low concentrations, chlorophyllin was able to kill mosquito larvae and other small animals within a few hours in sunlight (Wohllebe et al. 2009). Chlorophyllin was also able to kill the protozoan parasite Ichthyophthirius multifiliis (Fouquet) of fresh water fish species (Wohllebe et al. 2012; Hader et al. 2016). Erzinger et al. (2011) also noted that mosquito larvae were killed by chlorophyllin.

Results of the present study indicate that the chlorophyllin extracted from the spinach is a potent molluscicide. Chlorophyllin toxicity against L. acuminata was time and concentration dependent, by the negative regression between exposure period and LC50 values of the different treatments. The time-dependent toxic effect of tested plant products may be due to the uptake of active compounds by the snails, which progressively accumulated in the body with an increase time in the exposure period. It is also possible that the active compound could change into more toxic forms in the aquarium water or in the snail’s body due to the sunlight. Four hours of continuous exposure of sunlight treatment was more effective as compared to the intermittent sunlight treatment of 2 h exposure followed by 1 h break. In sunlight, solubilised chlorophyllin transferred its excitation energy to oxygen, which produced singlet oxygen and other reactive oxygen species (ROS), which have the potential to kill the vector organism (He & Hader 2002; Tominaga et al. 2004).

In another set of toxicity test, extracted chlorophyllin treatments were given in combination of various wavelengths of monochromatic visible light at fixed intensity (500 Wm–2). Table 5 shows that the yellow light spectrum recorded the highest toxicity of extracted chlorophyllin against L. acuminata (96 h, LC50 392.77 mg/L) than other wavelengths of light. Higher toxicity of extracted chlorophyllin was also noted in other monochromatic visible lights than extracted chlorophyllin treatment in laboratory conditions (96 h, LC50 666.56 mg/L) without any exposure to monochromatic visible lights. Chlorophyllin is a photodynamic substance (Wohllebe et al. 2009). Consequently, toxicity of the chlorophyllin was higher in sunlight or in monochromatic visible light than in laboratory conditions. All the monochromatic visible lights have sufficient energy, which can elicit the response of the photodynamic product of chlorophyllin. Absorbed photon produces ROS. Even though the toxicity of chlorophyllin in laboratory conditions is also noted against L. acuminata, exposure to sunlight and monochromatic light of any wavelengths caused comparatively higher mortality of snails within a few hours. It was also reported that the retina of snails contain only one type of photo pigment, rhodopsin; they can differentiate only gradation of light intensity but not the colour of light (Chernorizov & Sokolov 2010). Earlier, it has been reported that Lymnaea stagnalis’s eye has two types of ocular photoreceptors and three types of statocyst hair cells (Sakakibara et al. 2005). Type-A photoreceptor had more spectral sensitivity between 480 nm and 500 nm. Type-T photoreceptor had a much broader spectral sensitivity between 450 nm and 600 nm. At low intensity, Type-A photoreceptor and at higher intensity, Type-T photoreceptor are more sensitive. Probably, it seems that in the treatment of extracted chlorophyllin in exposure to the same intensity of visible monochromatic light, there is a significant variation in their toxicity as evident from different LC50 of chlorophyllin. Obviously, it also indicates that variation in wavelength of light has significant effect on mortality, as evident from higher toxicity of extracted chlorophyllin in yellow light.

The steep slope value indicates that a small increase in the concentration of molluscicide caused higher mortality. A t-ratio value greater than 1.96 indicates that the regression is significant (p<0.05). A heterogeneity factor value less than 1.0 denotes that in the replicate test of random samples, the concentration response is limited and thus, the model fits the data adequately. The index of significance of the potency estimation g indicates that the value of the mean is within the limit at all probability levels (90, 95, and 99) since it is less than 0.5.

CONCLUSION

In conclusion, the present study demonstrated that the treatment of photodynamically active chlorophyllin in solar light or in different wavelengths of visible light has significant toxicity effects on vector snail L. acuminata. This is an investigative research work by means of plant extracts to control snail population. Chlorophyllin is a photodynamic product of chlorophyll and chlorophyll is present in all green plants. Therefore, the production of chlorophyllin is inexpensive, easy, and environmentally safe and sound. It is a promising approach to control water-borne diseases. This molluscicide might be a valuable, ecologically safe tool against vector snails which has the potential to replace the synthetic molluscicides and control the incidence of fasciolosis in developing countries. For proper utilisation of chlorophyllin as molluscicides, further studies are required to elucidate the mechanism of action in the snail’s body.
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Abstrak: Perubahan biokimia dalam dua spesies Selaginella iaitu S. tamariscina (Beauv.) Spring dan S. plana (Desv. ex Poir.) Heiron., yang dicetuskan oleh pengeringan dan diikuti oleh rehidrasi telah dikaji. Tumbuhan telah dibenarkan untuk dehidrat secara semula jadi dengan menyekat pengairan sehingga kandungan air relatif (RWC) pucuk bernilai <10%. Kemudiannya, tumbuhan yang dehidrat disiram air sehingga mencapai keadaan rehidrasi sepenuhnya iaitu RWC 90% ataupun lebih. Sifat-sifat menahan pengeringan telah diperhatikan dalam S. tamariscina manakala sifat sensitif terhadap pengeringan dilihat pada S. plana. Integriti membran dikekalkan dalam S. tamariscina tetapi bukan dalam S. plana seperti yang dilihat dalam ukuran kebocoran elektrolit relatif semasa fasa pengeringan dan seterusnya semasa fasa rehidrasi. Analisa pigmen telah menunjukkan konservasi beberapa klorofil dan karotenoid semasa pengeringan dan mencapai tahap kawalan yang mengikuti proses rehidrasi dalam S. tamariscina. Kandungan pigmen yang sangat rendah telah dijumpai dalam S. plana semasa fasa pengeringan dan pigmen tersebut tidak dipulih semula semasa rehidrasi. Penentuan zat terlarut yang serasi menunjukkan kenaikan dalam kandungan gula dan proline dalam S. tamariscina kering sahaja, yang menunjukkan kewujudan jentera-jentera perlindungan biokimia dalam spesies ini dan ketidakhadirannya dalam S. plana semasa keadaan dehidrat. Data-data ini menunjukkan satu elemen penting untuk toleransi terhadap pengeringan dalam tumbuhan vaskular rendah ialah kebolehan melindungi tisu-tisu daripada kemusnahan serius akibat pengeringan yang teruk.

Kata kunci: Elektrolit, Pigmen, Proline, Rehidrasi, Gula

Abstract: The biochemical changes in two Selaginella species namely, S. tamariscina (Beauv.) Spring and S. plana (Desv. ex Poir.) Heiron., as induced by desiccation and subsequent rehydration were explored. Plants were allowed to dehydrate naturally by withholding irrigation until shoot’s relative water content (RWC) reached <10%. After which, dehydrated plants were watered until fully rehydrated states were obtained which was about 90% RWC or more. Desiccation-tolerance characteristics were observed in S. tamariscina while desiccation-sensitivity features were seen in S. plana. Membrane integrity was maintained in S. tamariscina but not in S. plana as evidenced in the relative electrolyte leakage measurements during desiccation phase and the subsequent rehydration stage. Pigment analyses revealed conservation of some chlorophylls and carotenoids during desiccation and reaching control levels following rehydration in S. tamariscina. Very low pigment contents were found in S. plana during desiccation phase and the pigments were not recovered during rehydration attempt. Meanwhile, compatible solute determination showed rise in total sugar and proline contents of desiccated S. tamariscina only, indicating presence of biochemical protection machineries in this species and absence of such in S. plana during dehydrating conditions. These data indicate that one key element for desiccation-tolerance in lower vascular plants is the ability to protect tissues from severe damages caused by intense desiccation.

Keywords: Electrolyte, Pigment, Proline, Rehydration, Sugar

INTRODUCTION

One of the most significant evolutionary forces is to be able to live in a very dry environment. Atmosphere with a relative humidity of 50% at 20°C equals to a water potential of –100 MPa (Alpert 2006). This also corresponds to drying to <0.1 g H2O g–1 dry biomass which is roughly equivalent to about 10% water content or less (Alpert 2005). Majority of modern day plants may not survive in such environment as it might result to the loss of their intracellular water content down to 90% (Alpert 2006). However, there are certain species of plants, called “resurrection” plants, having strong selection for desiccation tolerance.

Resurrection plants survive the loss of most of their water content down to <5% relative water content (RWC) until a quiescent stage is achieved (Peters et al. 2007). Since most of the protoplasmic water is lost, it is considered the severest form of water stress (Bartels 2005). Upon watering, the plants rapidly revive and return to their normal physiological functioning (Alpert 2005). They are also known as poikilohydric plants because they lack capability to prevent desiccation. They directly rely on the environment for their water status. As a consequence, their cells’ water content tend to reach equilibrium with that of the environment (Alpert 2000; Scott 2000; Pandey et al. 2010).

Numerous studies were conducted to investigate desiccation tolerance mechanisms in different resurrection plants. Most of the available information are derived from the rich data obtained from studies conducted in angiosperm species (Sherwin & Farrant 1996, 1998; Farrant et al. 1999, 2003; Farrant 2000; Cooper & Farrant 2002; Moore et al. 2007). Little attention has been given to desiccation tolerance in the lower group of vascular plants (Oliver et al. 2000). Although desiccation-tolerant pteridophytes have been documented, for example fern Polypodium polypodioides (Layton et al. 2010) and fern allies Selaginella lepidophylla (Brighigna et al. 2002), and S. bryopteris (Pandey et al. 2010), much still needs to be done (Oliver et al. 2005).

One of the most primitive taxa of vascular plants is Selaginella (Kenrick & Crane 1997). In the recent review by Setyawan (2011), this sole surviving genus of the spikemoss family, Selaginellaceae, has 700–750 species throughout the world. The genus has not been intensively studied in the Philippines; taxonomically, morphologically, and physiologically. Regarding the species of Selaginella found in the country, no formal proclamation has been made on which are desiccation-tolerant or desiccation-intolerant. This implies that common and distinct physiological features of desiccation-tolerant and intolerant Selaginella in the Philippines are not yet fully worked out.

The aim of this work was threefold: (1) to investigate the biochemical responses of two species of Selaginella, namely S. tamariscina and S. plana, to desiccation and rehydration treatments; (2) to assess which species will perform better with respect to its capability to resume normal physiological functioning during rehydration stage; and (3) to elucidate different physiological strategies of the species to maintain cellular integrity and limit the damage caused by desiccation.

MATERIALS AND METHODS

Plant Materials and Growing Conditions

Commercially obtained S. tamariscina and S. plana were allowed to acclimatise and grow in a 50 kg substrate with an equal mixture of river sand, coir dust, and garden soil placed in a wooden tray. The substrate was kept damp supplemented weekly with half strength of Hoagland’s solution. They were maintained in screen house conditions with a daytime temperature range of 23°C to 42°C.

Experimental Set-up

The experimental treatments were as follows:

	Desiccated – plants dried to a constant air-dried state (10% RWC) or below;
	Rehydrated – plants which have been fully recovered at 90% RWC or more; and
	Control – well watered plants which had not been desiccated.


All measurements were performed on desiccated and rehydrated plants. Same measurements were carried out in control plants twice. The first set of control measurements was done simultaneously with the desiccated plants while the second control set was done simultaneously with the rehydrated plants. This was purposely carried out to provide a point of comparison since plants experience different environmental conditions at different times. All measurements were done in triplicate wherein composite sampling was employed.

Dehydration and Rehydration Treatments

Whole plants previously acclimatised were slowly dried by withholding water and allowing the plants to dry out naturally under ambient screen house condition until below 10% RWC was reached. The plants were left in the dry state for no longer than three days. Same plants were rehydrated up to approximately 90% RWC or more to be used for the next cycle of experimentation. Rehydration was carried out through overhead watering using a mist spray to simulate rainfall. The plants were well watered on the first day and then the soil was kept damp by daily watering for the remainder of the experiment.

Plant Relative Water Content Determination

Hydration states were determined by measuring the relative water contents of the shoot. Fully expanded similarly-sized fronds were selected from at least three plants per replicate. Using a sharp razor blade, individual fronds were detached at the leaf base. Fronds were immediately weighed to get the initial mass (Mi). In order to obtain the mass at full turgor (Mt), fronds were floated in distilled water inside a closed Petri dish for 24 h. Surface water was eliminated by blotting the fronds dry with a paper towel. Mt was recorded and the leaf samples were subsequently dried at 80°C for 24 h, and the dry mass (Md) was obtained. All mass measurements were done using an analytical scale, with precision of 0.01 g. Values of Mi, Mt, and Md were used to calculate RWC using the equation (Barrs & Weatherley 1962):

RWC % = Mi–Md/Mt–Md × 100.

Electrolyte Leakage Measurement

Electrolyte leakage, which gives an indication of the degree of membrane integrity, was measured following the procedure of Wang et al. (2010) with modifications. Fronds (0.5 g) were rinsed three times in distilled water to remove the contents of the cut cells. The fronds were soaked in 25 mL distilled water and shaken at room temperature for 24 h after which aliquot for leachate measurement was taken. The electrical conductivity of the solution (C1) was determined using a conductivity instrument (D-2, Horiba Ltd., Kyoto). The samples in the tube was then placed in boiling water (100°C) for 10 min and allowed to cool to ambient temperature. The electrical conductivity of this solution (C2) was then measured to obtain the maximum conductivity. The electrical conductivity of the distilled water (C3) was also measured. The relative electrolyte leakage (REL) was calculated using the equation:

REL % = C1–C3/C2–C3 × 100.

Chlorophyll and Carotenoid Measurements

Approximately 0.5 g of leaf tissues was frozen with liquid nitrogen and homogenised using mortar and pestle. The homogenised samples were contained in a test tube with cover and the chlorophyll was extracted with 10 mL 80% acetone. The test tubes were wrapped with aluminum foil and left in room temperature overnight. The crude extract was centrifuged at 3000 g for 5 min. The supernatant was kept while the pellet was discarded. The absorbance of the supernatants was read at 663.6 nm, 646.6 nm, and 440.5 nm, which are the major absorption peaks of chlorophylls a, b, and carotenoids, respectively (Porra et al. 1989). The total chlorophyll (Chl a+b) and total carotenoid (Car) contents were calculated using extinction coefficients provided by Porra et al. (1989). The chlorophyll and carotenoid concentrations were then expressed on the basis of µg chl/g dry sample (µg g–1).

Total Soluble Sugar Content Determination

The total soluble sugar content (TSS) of leaves from dry, rehydrated, and control plants was estimated following the phenol-sulfuric acid colorimetric assay by Dubois et al. (1956), modified and improved by the Institute of Plant Breeding Analytical Services Laboratory, University of the Philippines Los Baños. Fifty mg dried and ground sample was extracted by adding 5 mL 80% ethanol with occasional shaking for 10 min. The extract was centrifuged at 3000 g for another 10 min and the supernatant was decanted into a 100 mL volumetric flask. The extraction process was repeated twice and supernatant of these extractions were pooled. The supernatant was diluted with distilled water, made up to volume, and mixed well. One mL 5% phenol reagent was added and followed by 5 mL 96% sulfuric acid in an aliquot of 0.10 mL. The solution was mixed well and let to react for 10 min at room temperature. The absorbance of the solution was immediately read at 490 nm using a spectrophotometer (UV-2700, Shimadzu Corporation, Kyoto). A standard curve for sucrose was constructed to determine the total soluble sugar concentration in each sample and expressed in percentage of the dry sample.

Proline Content Determination

Proline content was determined according to the method of Bates et al. (1973) and further modified by Cagampang and Rodriguez (1980). Dry powdered frond sample (50 mg) was extracted by the addition of 4 mL of chilled 3% sulphosalicylic acid solution and shaken for 30 min. The homogenate was filtered and the supernatant was collected in a glass tube. In a tube with 0.50 mL aliquot of the supernatant, 50 mL of 6M phosphoric acid, and 1 mL ninhydrin acid were added and shaken well. One mL glacial acetic acid was then added. The tube was incubated in boiling water bath for 20 min and then in an ice bath, then in room temperature. Absorbance of the solution was recorded at 520 nm against blank. A standard curve for proline was constructed to determine the proline concentration in each sample and expressed in mg/g dry sample (mg g–1).

Statistical Analysis

Data obtained from the biochemical parameters were presented as means of replicates. Data were subjected to Analysis of Variance (ANOVA) using SPSS® version 16.0 software (SPSS Inc., Chicago, Illinois, USA) at 5% level of significance to determine significant differences among the treatments in each species. Multiple comparisons of treatments were carried out using Tukey HSD at 5% level of significance.

RESULTS AND DISCUSSION

Membrane Stability

Conductometric measurement of solute leakage was carried out to assess membrane damage. No significant difference (p>0.05) in the REL was evident among the shoot of dried (12.0%) and fully hydrated (13.6%) S. tamariscina plants (Fig. 1). This indicates that membrane integrity was maintained during drying in this species. Meanwhile, there was reduction in electrolyte leakage in rehydrated S. tamariscina as evidenced in its lower REL (9.1%) than in desiccated plants. This means that membrane integrity was even more intact during the rehydration phase.
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Figure  1: Effect of desiccation and rehydration on stability of cell membrane in S. tamariscina and S. plana reflected as REL. Error bars represent standard deviation within the test group or treatment (p<0.05), obtained from three replicates.



Although placed in a different plant group, the same trend was observed by Sherwin and Farrant (1996) when they monitored the rate of electrolyte leakage in the resurrection plant Craterostigma wilmsii. Leakages in control, dry, and rehydrated leaves were not variable. Similar to this species, protection mechanism was probably reinforced in S. tamariscina during rehydration as reflected in the lower REL noted in the rehydrated plants when compared with the dehydrated ones. This supports claim that as a desiccation tolerant plant rehydrates following dehydration, damage in the plasma membrane is immediately repaired. Crowe et al. (1992) asserted that drying causes the membrane to change from a liquid crystalline phase to gel phase during dehydration and then return to liquid crystalline phase during rehydration. These membrane phase transitions are the putative cause when leakage occurs in desiccation tolerant species (Oliver et al. 2005). In addition, rupture in the plasma membrane may occur as it contracts from the cell wall and by its attachment to it via the plasmodesmata during dehydration (Levitt 1980).

Highly significant rise in REL, however, was noted in both desiccated and rehydrated S. plana against the controls. It was also observed that there was a further substantial increase in REL upon rehydration attempt. This indicates that damage in the membrane incurred during the dehydration process was not reversed or repaired during rehydration. In fact it would seem that leakage was even aggravated during rehydration in this species.

Pigment Content

Illustrated in Figure 2 is the total chlorophyll content (Chl a+b) in desiccated, rehydrated, and control plants. Statistical analysis showed that there was significant difference in the mean Chl a+b among test groups or treatments in S. tamariscina (p<0.05). The Chl a+b in desiccated plants dropped to 1133.8 µg g–1 of dry shoot tissues from 1770.9 µg g–1 (p<0.05). Hence, approximately 64.0% total chlorophyll of the fully hydrated (control) plants was retained during the desiccated state. When hydration resumed, however, total chlorophyll content (1617.5 µg g–1) roughly reached control levels. This indicates that chloroplasts of this species likely recovered and became functional during this state.
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Figure  2: Total chlorophyll (Chl a+b) contents of S. tamariscina and S. plana following desiccation and rehydration. Error bars represent standard deviation within the test group or treatment (p<0.05), obtained from three replicates.



On the other hand, it is apparent that there was significant loss in Chl a+b in S. plana during the dry state (Fig. 2). Total chlorophyll content dropped from 3633.3 µg g–1 to 167.9 µg g–1 after desiccation (p<0.05), which was maintained even during the rehydration attempt. In this species, the total chlorophyll in rehydrated plants was not significantly different from the desiccated ones indicating that there was no element of regeneration (p>0.05).

Decrease in chlorophyll content of leaves is thought to be linked to the protection of plants against UV light and from damage as a result of oxygen free radical generation during desiccation (Sherwin & Farrant 1998). Chlorophyll content of the leaves did not drop too much in desiccated S. tamariscina indicating that no complete dismantling of photosynthetic apparatus was observed. It is assumed that S. tamariscina did not lose all its chlorophyll because the plant itself is protected from irradiation damage through different means. Since it was observed that it formed a ball upon desiccation, the functional leaves were protected inside. The adaxial side of the leaves remained green while the abaxial side did not. It must be noted, however, that the total chlorophyll in desiccated S. tamariscina was significantly lower than the control suggesting degradation probably happened but was not severe.

The changes in carotenoid content during dry state are shown in Figure 3. Compared to S. tamariscina, carotenoids in S. plana were almost degraded. From 122.9 µg g–1, carotenoids in S. plana declined to 9.9 µg g–1 or approximately 8.1% of the total (p<0.05). Whereas, approximately 41.9% of the total carotenoid content of control S. tamariscina (124.2 µg g–1) was retained in the dried state. Upon rehydration, control levels were even exceeded unlike in the case of S. plana.
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Figure  3: Total carotenoid contents in shoot of S. tamariscina and S. plana following desiccation and rehydration. Error bars represent standard deviation within the test group or treatment (p<0.05), obtained from three replicates.



Thus, chlorophyll and carotenoid results show that some of the photosynthetic apparatus during desiccation in S. tamariscina was retained, if not completely upheld. Desiccation-tolerant plants can be classified through pigment analysis, whether they retain their photosynthetic pigments or not. Oliver et al. (2000) and Tuba et al. (1998) stated that desiccation-tolerant plants that retain their chlorophyll content during dry state are homoichlorophyllous while those that dismantle their chlorophyll are termed poikilochlorophyllous. On this basis, Farrant (2000) classified the resurrection angiosperms C. wilmsii and Myrothamnus flabellifolius as homoichlorophyllous species because they retained some of their chlorophyll content, 82% and 60% chlorophyll, respectively. Since S. tamariscina retained 64% of its chlorophyll in the dehydrated state, it can be classified then as homoichlorophyllous species. Upon rehydration, this partial loss of chlorophyll was regained. Being a desiccation-tolerant plant, S. tamariscina has innate characteristics protecting its photosynthetic apparatus. This can be supported by the observation that when non-irrigation of some plants was prolonged up to 30 days, the plants remained as they were visually during the third day in <10% RWC and did not bleach at all. Moreover, S. tamariscina curved and folded its rosette shoot upward during drying which aided to protect its adaxial surface and safeguard the inner rosette shoot. A similar morphological strategy was observed in C. wilmsii, C. plantagineum, and M. flabellifolius (Farrant 2000; Scott 2000). This strategy would stop photochemistry even though photosynthetic pigments are present since the functional leaves are covered by the outer or aged leaves (Farrant 2000).

Osmotic Adjustments

Plants under osmotic stress synthesise compatible solutes as these compounds are known to stabilise proteins and help in osmotic balance. Examples of these compatible solutes are soluble sugar and proline contents which were analysed in the two plants. Results show that soluble sugar was significantly highest (p<0.05) in desiccated S. tamariscina representing 22.1% of the dried tissue (Fig. 4). This is approximately two-fold higher than the sugar level of the controls. These data indicate that there is build-up of soluble sugars in S. tamariscina during desiccation. The same observation was reported by Wang et al. (2010) in one variety of S. tamariscina collected from China. Marked increase was noticed on the fifth day of drying up to the seventh day reaching approximately 100% increase against the fully hydrated tissue. According to Dinakar et al. (2012), if carbohydrates have a protective role during desiccation then accumulation must be very fast and the concentration must be sufficiently high. On the other hand, no significant increase in soluble sugar content was observed in S. plana during both desiccated and rehydrated states.

Increase in soluble sugars in plants undergoing osmotic stress is a common occurrence in the living world. Bacteria, yeasts, and seeds of higher plants concentrate high amount of soluble sugars in the dry tissues which correlates to their ability of surviving desiccation (Crowe et al. 1992; Nedeva & Nikolova 1997). Sucrose, trehalose, and raffinose are some sugars commonly observed in desiccated resurrection plants (Smirnoff 1992; Ingram & Bartels 1996; Crowe et al. 1998; Scott 2000; Peters et al. 2007; Liu et al. 2008). In terms of minimum concentration required, trehalose is the most effective osmoprotectant sugar (Crowe et al. 1992). Resurrection Selaginella, S. lepidophylla, accumulates trehalose at high levels, as much as 20% of the dry weight (Crowe et al. 1998).
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Figure  4: Total soluble sugar contents of S. tamariscina and S. plana following desiccation and rehydration. Error bars represent standard deviation within the test group or treatment (p<0.05), obtained from three replicates.



Although trehalose is considered a major factor that determines the anhydrobiotic ability of resurrection plants (Zentella et al. 1999), sucrose and other sugars, however, may also act as osmoprotectants (Crowe et al. 1992). In water-deprived Xerophyta viscosa, sucrose concentration in the leaves increased to nearly 5-fold at 5% RWC from the original sucrose content while raffinose increased to approximately 3-fold at same RWC (Peters et al. 2007). Others suggest that there is redirection of carbon flow from reserve substances such as starch or octulose to soluble saccharides (Ingram et al. 1997). In Craterostigma species, leaves of well-watered C. wilmsii and C. plantagineum have high amount of eight carbon sugar 2-octulose (Bianchi et al. 1991; Norwood et al. 2000). This eight-carbon sugar is converted to sucrose upon drying (Willige et al. 2009). This massive conversion of stored carbohydrates upon dehydration will concentrate sucrose in the dried tissue which consequently will comprise about 40% of the plant’s dry weight. In some cases, sucrose may make up as much as 50% of the dry weight (Crowe et al. 1998). In another desiccation-tolerant plant Ramonda sp., instead of 2-octulose, starch is converted to sucrose that serves the same function (Müller et al. 1997).

Crowe et al. (1998) stated two hypotheses concerning the roles of sugars in desiccated plants; they form supersaturated liquid known as biological glasses to stabilise internal structures and they prevent fusion of membranes and denaturation of proteins in the cell rendering maintenance of cell integrity during desiccation. The process of forming biological glasses is known as vitrification (Hoekstra 2005). This process is obligatory to survival during desiccation as this protects organelles from damage. This biological glass forms cavity inside the cell to prevent cellular collapse. It also restricts production of free radicals by slowing molecular mobility in the cytoplasm to prevent chemical reactions to occur (Koster 1991; Ingram & Bartels 1996; Hoekstra 2005). Moreover, sugars protect membranes by altering the properties of the dry membranes to resemble those of fully hydrated ones. It is suggested that the hydroxyl groups of sugars substitute for water and provide the required hydrophilic interactions for membrane, the “water replacement hypothesis” (Crowe et al. 1992). Similarly, sugars stabilise proteins through the formation of hydrogen bonds between sugar hydroxyl groups and polar residues in proteins (Crowe et al. 1992). This mechanism of direct bonding of sugars with biomolecules is indeed imperative in the stabilisation of proteins, membranes, and whole cells under conditions of dehydration (Peters et al. 2007).

The present study showed that desiccated S. tamariscina had the highest proline content (p<0.05); approximately 15.0% increase in proline content was noted in desiccated plant compared to control plant (Fig. 5). In contrast, rehydrated S. tamariscina was shown to have lower proline content relative to the desiccated samples. These results validate the important role of proline during desiccation as shown in its increase during stress and its decrease when the plant was relieved from stress.


[image: art]

Figure  5: Proline contents of S. tamariscina and S. plana following desiccation and rehydration. Error bars represent standard deviation within the test group or treatment (p<0.05), obtained from three replicates.



Proline is also known to accumulate in response to a wide range of abiotic stresses in many plants (Hare & Cress 1997). Its presumed roles are in stabilising protein structures against denaturation, interacting with phospholipids to protect cell membranes, and in functioning as a hydroxyl radical scavenger in stressed plants (Santoro et al. 1992; Ingram & Bartels 1996; Claussen 2005).

Pandey et al. (2010) and Wang et al. (2010) used proline as one of their parameters to assess desiccation tolerance in S. bryopteris and S. tamariscina, respectively. Proline in dried S. bryopteris frond was more or less 5-fold higher than in fully hydrated fronds (Pandey et al. 2010). On the other hand, Wang et al. (2010) observed that relatively stable proline levels were noted from zero to third day of drying in S. tamariscina. It was only during the fifth day that sharp increase in proline concentration was observed which continued and was highest during the seventh day of drying. Moreover, proline concentrations during the 12th hour of rehydration and initial phase of drying were comparable indicating that high concentration of proline during fully hydrated and rehydrated phases is not a requirement.

Figure 5 also shows that the second control of S. tamariscina plants had higher proline concentration than the first control plants and was not significantly different compared to the desiccated plants. This is in contradiction with the initial statement that proline accumulates in response to desiccation. If the second control is taken into account and compared it with the desiccated data, statistics suggest that proline did not rise during desiccation. However, it should also be noted that the desiccated and the second control data were taken at different time intervals and perhaps at different prevailing environmental conditions. That is, the second control data were taken at a time corresponding to the time when rehydrated samples were analysed. Since proline is also implicated in other stressful environmental conditions like salinity stress (Amirjani 2010), drought stress (Mafakheri et al. 2010), high light intensity, and temperature (Claussen 2005), it might be that the increase in proline concentration in the second control of S. tamariscina plants were due to environmental stress which is not osmotic in nature. While desiccated and rehydrated S. plana was observed to have higher proline content than the fully hydrated ones (controls), this increase, however, was not significantly different from the control plants.

Despite evolutionary relatedness, it is apparent that S. tamariscina and S. plana behave differently toward desiccation stress. Most of the Selaginella species, including S. plana, are tropical growing in damp shady habitats (Kramer & Green 1990) but others such as S. lepidophylla and S. sartorii are adapted for seasonal drought or xerophytic conditions (Setyawan 2011) just like S. tamariscina. They grow on dry rocky cliffs or on soil that dries periodically. Besides physiological adaptations, desiccation-tolerant plants have also evolved the ability to overcome the drought-induced stress morphologically. To name a few, leaf curling, excessive cell volume reduction, and cell wall folding or shrinkage as the plant dries but they re-expand as they are moistened (Farrant et al. 2007). The aerial parts of S. tamariscina undergo gradual morphological rolling and wilting forming a ball in the dry state but as it is re-watered, the aerial parts fully open and recover in just 12 h (Wang et al. 2010). All these things together are manifestations of active strategy of S. tamariscina for protecting itself and avoiding damages brought by desiccation.

CONCLUSION

Desiccation-tolerance mechanisms have been found in S. tamariscina while desiccation-sensitive characteristics were found in S. plana. In S. tamariscina, evident protection mechanisms are engaged such as low electrolyte leakage and retention of some of the chlorophylls and carotenoid contents during the desiccation and rehydration phases. The former indicates stability of the membranes while the latter means protection of the photosynthetic apparatus. Compatible solutes like sugars and proline also increased during desiccation inferring decreased rates of chemical reactions, reduced diffusion of molecules, and prevention of oxidative damage. Meanwhile, there appears to be no mechanism of subcellular protection operating in S. plana. As the drying process progressed, being intolerant of desiccation, drying up of tissues became irreversible.
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Abstrak: Pengeksploitasian sebatian bioaktif daripada sumber semula jadi merupakan strategi menarik dalam usaha pencarian drug anti-malaria baru dengan mod tindakan novel. Usaha penyaringan awal di makmal kami telah menemukan dua persediaan aktinomiset tanah (H11809 dan FH025) dengan aktiviti anti-malaria. Kedua-dua ekstrak kasar menunjukkan ciri anti-glikogen sintase kinase 3β (anti-GSK3β) menggunakan sistem pengasaian berasas-yis. Kajian terdahulu telah menunjukkan perencat GSK3, litium klorida (LiCl), berupaya menindas pertumbuhan parasitaemia dalam model infeksi malaria roden. Kajian ini dijalankan untuk menentukan sama ada aktiviti anti-malaria H11809 dan FH025 melibatkan perencatan GSK3β. Kedua-dua ekstrak aseton H11809 dan FH025 menunjukkan perencatan yang baik terhadap pertumbuhan Plasmodium falciparum 3D7 secara in vitro, dengan nilai kepekatan perencatan 50% (IC50) 0.57 ± 0.09 dan 1.28 ± 0.11 µg/mL, masing-masing. Ekstrak yang diuji turut bersifat memilih bagi 3D7 dengan nilai indeks pemilihan melebihi 10. Secara in vivo, ekstrak H11809 dan FH025 menunjukkan aktiviti kemo-penekanan berkadaran-dos dan meningkatkan kemandirian mencit berbanding mencit terinfeksi tanpa perlakuan. Analisis Western menunjukkan peningkatan (6.79 hingga 6.83 kali ganda) terhadap pemfosfatan serin (Ser 9) GSK3β dalam sampel hepar mencit terinfeksi dengan perlakuan ekstrak H11809 atau FH025 berbanding sampel daripada mencit tidak terinfeksi atau mencit terinfeksi tanpa perlakuan. Sebatian bioaktif yang telah dikenal pasti dalam H11809 (data tidak ditunjukkan), iaitu dibutil ftalat (DBP) menunjukkan aktiviti anti-plasmodium yang baik terhadap parasit strain 3D7 (IC50 4.87 ± 1.26 µg/mL bersamaan 17.50 µM) serta aktiviti kemo-penekanan in vivo yang baik (kemo-penekanan 60.80% pada dos 300 mg/kg berat tubuh [bt]). Pemberian DBP turut menyebabkan peningkatan pemfosfatan Ser 9 GSK3β hepar berbanding kawalan. Penemuan daripada kajian ini menunjukkan aktiviti anti-malaria H11809 dan FH025 diperantara melalui perencatan GSK3β hos. Tambahan lagi, kajian ini mencadangkan DBP sebagai satu komponen bioaktif yang menyumbang kepada aktiviti anti-malaria H11809 melalui perencatan GSK3β.

Kata kunci: Anti-malaria, GSK3β, Aktinomiset, Dibutil Ftalat

Abstract: Exploiting natural resources for bioactive compounds is an attractive drug discovery strategy in search for new anti-malarial drugs with novel modes of action. Initial screening efforts in our laboratory revealed two preparations of soil-derived actinomycetes (H11809 and FH025) with potent anti-malarial activities. Both crude extracts showed glycogen synthase kinase 3β (GSK3β)-inhibitory activities in a yeast-based kinase assay. We have previously shown that the GSK3 inhibitor, lithium chloride (LiCl), was able to suppress parasitaemia development in a rodent model of malarial infection. The present study aims to evaluate whether anti-malarial activities of H11809 and FH025 involve the inhibition of GSK3β. The acetone crude extracts of H11809 and FH025 each exerted strong inhibition on the growth of Plasmodium falciparum 3D7 in vitro with 50% inhibitory concentration (IC50) values of 0.57 ± 0.09 and 1.28 ± 0.11 µg/mL, respectively. The tested extracts exhibited Selectivity Index (SI) values exceeding 10 for the 3D7 strain. Both H11809 and FH025 showed dosage-dependent chemo-suppressive activities in vivo and improved animal survivability compared to non-treated infected mice. Western analysis revealed increased phosphorylation of serine (Ser 9) GSK3β (by 6.79 to 6.83-fold) in liver samples from infected mice treated with H11809 or FH025 compared to samples from non-infected or non-treated infected mice. A compound already identified in H11809 (data not shown), dibutyl phthalate (DBP) showed active anti-plasmodial activity against 3D7 (IC50 4.87 ± 1.26 µg/mL which is equivalent to 17.50 µM) and good chemo-suppressive activity in vivo (60.80% chemo-suppression at 300 mg/kg body weight [bw] dosage). DBP administration also resulted in increased phosphorylation of Ser 9 GSK3β compared to controls. Findings from the present study demonstrate that the potent anti-malarial activities of H11809 and FH025 were mediated via inhibition of host GSK3β. In addition, our study suggests that DBP is in part the bioactive component contributing to the anti-malarial activity displayed by H11809 acting through the inhibition of GSK3β.

Keywords: Anti-malarial, GSK3β, Actinomycete, Dibutyl Phthalate

INTRODUCTION

Malaria is a highly infectious disease caused by a protozoan parasite of the genus Plasmodium (Karthik et al. 2014). Control and treatment of the malarial disease have been complicated by alarmingly rapid development of the plasmodial parasite’s resistance to existing anti-malarial drugs, as well as the increasing numbers of zoonotic Plasmodium knowlesi infections (Singh et al. 2008). This has necessitated research efforts towards discovery of new anti-malarial drugs with novel modes of action. Actinomycetes, widely-distributed bacteria in terrestrial and aquatic ecosystems, especially soil (Sharma 2014) represent plausible source to be exploited for this purpose. Numerous bioactive secondary metabolites with anti-bacterial, anti-fungal, anti-cancer, anti-oxidant, anti-malarial, and anti-inflammatory activities have been identified from actinomycetes (Deepa et al. 2013).

Protein kinases which regulate parasitic growth and differentiation have emerged as promising new anti-malarial drug targets (Houzé et al. 2014). For example, Plasmodium falciparum GSK3 (PfGSK3) is one of the eukaryotic protein kinases identified essential for the plasmodial growth, thus a novel anti-malaria drug target (Masch & Kunick 2015). GSK3, a serine/threonine protein kinase first identified as one of several protein kinases capable of phosphorylating and inactivating glycogen synthase (Embi et al. 1980), is now known to be associated with many cellular processes and implicated in many human diseases such as cancer, Alzheimer’s disease, diabetes, and pathogen-mediated inflammation (Song et al. 2015). The kinase is activated by phosphorylation at tyrosine (Tyr 216) and conversely, inhibited as a result of serine (Ser 9) phosphorylation (Kockeritz et al. 2006). GSK3β appears to play important roles in a host’s response to viral, fungal, or parasitic infections including malaria (Wang et al. 2014). This has led to various efforts to develop small molecule inhibitors against GSK3 (Kramer et al. 2012). Inhibition of the kinase enzyme by mammalian GSK3 inhibitors were shown to significantly inhibit the activity of recombinant P. falciparum protein PfGSK3 (Droucheau et al. 2004). Masch and Kunick (2015) recently developed selective PfGSK3 inhibitors as potential new anti-malarial agents.

We have previously shown that lithium chloride (LiCl), a known GSK3 inhibitor, suppressed parasitaemia development in Plasmodium berghei-infected mice (Zakaria et al. 2010). Screening of plants and microbes from Sabah for anti-malarial activity conducted in our laboratory revealed potent anti-malarial activities in extracts of two soil actinomycetes, H11809 and FH025. A yeast-based kinase assay showed GSK3β-inhibitory activities in both extracts. The present study aims to evaluate whether anti-malarial activities of H11809 and FH025 involve the inhibition of GSK3β and to identify the component responsible for the inhibition of the protein kinase.

MATERIALS AND METHODS

Preparation of Crude Extracts of H11809 and FH025

The actinomycete strains, H11809 and FH025, were isolated from Imbak Valley and Likas, Sabah, respectively. Both strains were purified using modified humic acid agar with the addition of vitamin B (HVA), pH 5.6 (Hayakawa & Nonomura 1987). The strains were purified using manually-prepared oatmeal agar (OA), pH 7.2, and were incubated at 28°C to induce sporulation for morphological observation. Both strains were cultivated using 10 mL of mannitol peptone liquid medium, and 2% mannitol + 2% peptone + 1% glucose, incubated at 28°C, 210 rpm for 5 days. Absolute acetone at the ratio of 1:1 was then added into the crude extracts to produce acetone crude extracts (Ho et al. 2009).

Fractionation and Identification of Active Compounds from H11809

The acetone crude extract of H11809 was partitioned successively with equal volume of hexane, chloroform, and butanol at the ratio of 1:1 (v/v). The chloroform layer was selected for further fractionation using column chromatography and dibutyl phthalate (DBP, 61.5%) was identified as a major constituent through gas chromatography mass spectrometry (GCMS) (unpublished data).

Yeast-based Assay for GSK3β-inhibitory Activity

The activity of test extracts or compounds against GSK3β was evaluated using an in vivo yeast-based system described by Andoh et al. (2000). Insertion and expression of mammalian GSK3β restored the original phenotype of the temperature-sensitive yeast gsk-3 null mutant in a pKT10-GSK3β yeast strain with genotype of MATa his3 leu2 ura3 trp1 ade2 mck1::TRP1 mds1::HIS3 mrk1 yol128c::LEU2. For screening purposes, a loop-full of a three-day yeast culture was inoculated into 5.0 mL of synthetic complete-uracil (SC-Ura) broth and incubated in a water bath at 37°C, 150 rpm for 48 h. For the assay, 400 μL yeast culture was then added into 100 mL of SC-Ura agar and poured into six plates and left to solidify at room temperature. Disc diffusion agar technique was applied in which 20 μL of the 100 mg/mL test samples were inoculated onto paper discs. The paper discs were then arranged on screening SC-Ura agar plates, incubated at 28°C (permissive temperature) and 37°C (high temperature) for 120 h, and the growth of yeast was observed for 5 days. Screening was carried out in triplicates. GSK3β-inhibitory activity in test samples is indicated by the presence of inhibition zones at 37°C (Cheenpracha et al. 2009).

P. falciparum Culture

Chloroquine-sensitive 3D7 strain of P. falciparum was obtained from Malaria Research and Reference Reagent Resource Centre (MR4, Manassas, Virginia, USA). The parasites were cultivated using a previously described procedure by Trager and Jensen (1976). Non-infected venous human blood group O rhesus-positive samples served as host cells. Complete media consisting of RPMI 1640 media (Gibco, Waltham, Massachusetts, USA) supplemented with 25 mM 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid, HEPES (Gibco, Waltham, Massachusetts, USA), 1.8 mM NaHCO3 (Sigma Aldrich, Missouri, USA), 100 µM hypoxanthine (Sigma Aldrich, Missouri, USA), 12.5 µg/mL gentamicin (Sigma Aldrich, Missouri, USA), and 0.5% Albumax (Gibco, Waltham, Massachusetts, USA) was used to cultivate the parasites. Infected erythrocytes were suspended in culture media at a haematocrit of 1.5% and initial parasitaemia of less than 10% in T25 culture flasks and incubated at 37°C, 3% O2, and 5% CO2. Culture media were changed and thin blood smears prepared every 24 h to monitor parasitaemia levels.

In vitro Anti-plasmodial Assay

Quantitative assessment of parasite (3D7) viability in vitro in the presence of test extracts or compounds was accomplished using parasite lactate dehydrogenase (pLDH) assay method, slightly modified from that described by Makler and Hinrichs (1993). The crude extracts and compound were each dissolved in the culture media and serially-diluted ten-fold to yield eight concentrations ranging from 0.0001 to 1000 µg/mL. Chloroquine diphosphate (Sigma Aldrich, Missouri, USA) (100 µg/mL) was used as the standard reference drug. Normal erythrocytes were added to wells without test samples, while infected erythrocytes were added to wells with extracts, compound, or drug. Asynchronous cultures with parasitaemia of 2%–3% and a final haematocrit of 1.5% were aliquoted into microtiter plates and incubated at 37°C for 48 h for maximum parasite growth. All tests were performed in triplicates. The cultures were then frozen at –20°C overnight, then subjected to three 20-minute freeze-thaw cycles to release cell content and for cultures to resuspend. At the end of the freeze-thaw cycles, 100 μL of Malstat reagent (Sigma Aldrich, Missouri, USA) and 25 μL of nitrobluetetrazolium/phenazine ethosulphate (NBT/PES, Sigma Aldrich, Missouri, USA) solution were added to each well of a fresh microtiter plate. Thereafter, 15 μL aliquots of the resuspended cultures were transferred to the corresponding well of the Malstat plate, thereby initiating colorimetric assessment of the lactate dehydrogenase (LDH) activity. Colour development of the LDH plate was monitored at 650 nm using a microplate reader (Fluostar Optima, Ortenberg, Germany) after 1 h of incubation in the dark. Fifty percent inhibitory concentration (IC50) values were calculated using GraphPad Prism 5 (GraphPad Software Inc., California, USA). Anti-plasmodial activities of the extracts or compounds were expressed as IC50 pLDH (mean ± S.D. of three separate experiments performed in triplicates).

Cytotoxicity Assay

Cytotoxicity of test extracts or compounds were evaluated using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) assay described by Mossman (1983) to assess the effects of these samples on the proliferation of Chang liver cells. Chang liver cells, originally purchased from the American Type Culture Collection (ATCC), USA and were a kind gift from the Institute of Systems Biology (INBIOSIS), Universiti Kebangsaan Malaysia (UKM, Bangi, Selangor, Malaysia). Cells were cultured in Dulbecco’s Modified Eagle Medium (DMEM) supplemented with 10% foetal bovine serum (FBS, Gibco, Waltham, Massachusetts, USA) in a humidified atmosphere of 5% CO2 at 37°C. Briefly, Chang liver cells were added into 96-well microtiter plates at a density of 5 × 104 cells per well and incubated for 48 h to ensure attachment and confluency. After 48 h incubation, culture media were carefully removed, cells treated with 100 μL of test extracts or compounds at different concentrations ranging from 0.001– 10,000 µg/mL and further incubated for 48 h.

Then, the media and test sample mixtures were carefully removed, cells washed with phosphate-buffered saline (PBS, pH 7.2, Sigma Aldrich, Missouri, USA) and the mixture was replaced with 100 μL culture media. Following this, 10 μL of MTT (Sigma Aldrich, Missouri, USA) solution (5 mg MTT/mL in PBS) was added to each well and further incubation was carried out for an additional 3 h. The medium was carefully removed and MTT-formazan products formed were dissolved in 100 μL DMSO (Sigma Aldrich, Missouri, USA). After 30 minutes, the absorbance was measured at 540 nm using a microplate reader (Fluostar Optima, Ortenberg, Germany). IC50 values determined using GraphPad Prism 5 were expressed as IC50 MTT. For each test, growth of cells in media alone was used as positive control. All experiments were performed in triplicates.

Selectivity Index (SI), corresponding to the ratio between cytotoxicity and anti-plasmodial activity, was calculated for test samples according to the following formula (Verma et al. 2011):
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In vivo Anti-malarial Test

For the in vivo test, the four-day suppressive test described by Peters et al. (1975) was used. Male ICR mice (6 weeks old, n=6 per group) were obtained from the Animal House Complex, Universiti Kebangsaan Malaysia. The experimental procedures were approved by Universiti Kebangsaan Malaysia Animal Ethics Committee (UKMAEC). Mice were infected by intraperitoneal (i.p.) inoculations with 1 × 107 P. berghei NK65-infected erythrocytes on day 0. The inoculum was prepared by diluting infected stock mice blood at 20%–30% parasitaemia with Alsever’s solution. Within 3 h of inoculations with the parasites (on day 0), experimental animals were given intraperitoneal injections of the test samples; H11809 or FH025 (25, 50, 100, and 250 mg/kg body weight [bw]) or DBP (10, 30, 100, and 300 mg/kg bw). Test samples were administered intraperitoneally for 4 consecutive days on days 0, 1, 2, and 3. For control groups, mice were similarly treated for four consecutive days with chloroquine diphosphate (10 mg/kg bw), lithium chloride (100 mg/kg bw, Sigma Aldrich, Missouri, USA) or saline solution (0.9% NaCl, Sigma Aldrich, Missouri, USA). Parasitaemia was determined by microscopic examination of thin blood smears prepared from blood drawn from the tail. The average percentage of chemo-suppression was calculated using the following formula:

% chemo-suppression = 100 × [(A–B)/A]

where A is the average percentage of parasitaemia in the non-treated control group and B the average percentage of parasitaemia in the test groups. Survivability of all groups of mice were recorded for 28 days.

The test samples were also evaluated for effects on normal mice survivability at the doses used for the in vivo four-day chemo-suppressive test. Four groups of mice (n=6 per group) were injected intraperitoneally with 25, 50, 100, and 250 mg/kg bw extracts or 10, 30, 100, and 300 mg/kg bw compounds for four consecutive days. Gross signs of toxicity such as death and changes in physical appearance and behaviour were observed. Survivability was observed for 28 days. Mortality occurring before day 5 post-treatment with test samples is an indication of toxicity of the samples towards the experimental animals (Hilou et al. 2006).

Western Analysis

To determine the phosphorylation state of GSK3β in samples, infected mice were administered with effective (chemo-suppressive) dosages of each test sample, lithium chloride or chloroquine for four consecutive days. On day 4 post-infection, liver organs were harvested, homogenised and proteins were extracted using a protein extraction buffer containing 50 mM TrisHCl (Sigma Aldrich, Missouri, USA), 150 mM NaCl, 1% Triton X-100 (Merck, New Jersey, USA), phosphatase and protease inhibitors (1 mM ethylenediaminetetraacetic acid [EDTA], 1 mM ethylene glycol tetraacetic acid [EGTA], 0.5 mM Na3VO4, 0.5 mM phenylmethylsulfonyl fluoride [PMSF], 1 μg/mL aprotinin, 5 μg/mL leupeptin and 1 mM NaF; all procured from Sigma Aldrich, Missouri, USA) (Lee 2007). Samples were then centrifuged at 20,000 g for 20 minutes at 4°C. Protein concentrations were measured using the Bradford method described by Bradford (1976) with bovine serum albumin (BSA, Sigma Aldrich, Missouri, USA) as a standard. Protein samples were separated using 12% sodium dodecyl sulphatepolyacrylamide gel electrophoresis (SDS-PAGE) (Laemmli 1970). Following gel electrophoresis, proteins were electro-transferred onto nitrocellulose membranes using Novex semi-dry blotter (Invitrogen, California) and the membranes were blocked with 3% BSA for 1 h before overnight incubation with primary monoclonal antibodies; anti-GSK3β (Cell Signaling Technology, Danvers, Massachusetts, USA) or anti-phospho Ser 9-GSK3β (Calbiochem, Seattle, Washington, USA). Blots were then hybridised with horseradish peroxidase-conjugated immunoglobulin G (HRP-conjugated IgG) as secondary antibodies for 2 h at room temperature. Detection of immuno-reactive protein bands was carried out using enhanced chemiluminescence reagent (ECL); western blot detection reagents (Thermo Scientific, Waltham, Massachusetts, USA). Stripping was carried out and membranes were then probed with β-actin antibody (Santa Cruz Biotechnology, Dallas, Texas, USA) to ensure equivalent protein loading. Band area intensity was quantified using a densitometer (Vilbert Lourmat 302, Torcy, France) and scanned blots were processed using the UltraQuant 6.0 software (UltraLum, California, USA) in order to determine the mean intensity of immuno-reactive proteins.

Statistical Analysis

All data obtained were expressed as the mean ± SD and analysed using GraphPad Prism 5 analysis software (GraphPad, USA). A p value of less than 0.05 was considered significant.

RESULTS

H11809 and FH025 Each Exhibited Inhibitory Activity against GSK3β

Actinomycete H11809 and FH025 were isolated from soils in Sabah. Aerial mycelia of H11809 are light brown in colour with no pigmentation (Fig. 1[a]) whereas FH025 produces dark brown aerial mycelia with brown pigmentation (Fig. 1[b]). A yeast-based GSK3 assay was employed to evaluate H11809 and FH025 extracts for GSK3β-inhibitory activities.

In this assay, insertion of mammalian GSK3β gene into yeast complements the temperature-sensitive phenotype so that the yeast growth is permissible at 37°C. Thus, the presence of GSK3β-inhibitory activity will not allow the growth of the yeast at this temperature. Therefore, larger inhibition zones displayed by the yeast treated with H11809 or FH025 extracts at 37°C (13.8 ± 3.12 and 19.0 ± 1.0 mm, respectively) each compared to those at 25°C (8.88 ± 8.27 and 9.67 ± 0.58 mm, respectively) suggest positive inhibition of mammalian GSK3β (Table 1) by both actinomycetes tested.

Table 1: GSK3β-inhibitory activities of H11809, FH025, and DBP using a yeast-based GSK3 assay.
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Figure  1: Actinomycetes (a) H11809 and (b) FH025 showing aerial mycelia (light brown and dark brown in colour respectively).



H11809 and FH025 Each Showed Promising Anti-plasmodial Activity

The anti-plasmodial activities of H11809 and FH025 extracts against chloroquine-sensitive P. falciparum 3D7 were determined using pLDH assay. The acetone crude extracts of H11809 and FH025 each displayed active anti-plasmodial activity with IC50 values of 0.57 ± 0.09 and 1.28 ± 0.11 µg/mL, respectively. Extracts with IC50 ≤ 50 μg/mL are regarded as active whereas those with values higher than 50 μg/mL are considered inactive (Ramazani et al. 2010). Therefore, both H11809 and FH025 extracts showed strong anti-plasmodial activities (Table 2).

Table 2: In vitro anti-plasmodial activities of H11809, FH025, and DBP against P. falciparum 3D7.



	Extracts/drug
	Cytotoxic activity of Chang liver cells IC50 MTT ± SD (μg/mL)


	Anti-plasmodial activity IC50 pLDH ± SD (μg/mL)


	SI





	H11809 (acetone)
	1028.00 ± 1.10


	0.57 ± 0.09


	1803.52





	FH025 (acetone)
	134.80 ± 1.21


	1.28 ± 0.11


	105.31





	DBP
	902.90 ± 2.96


	4.87 ± 1.26


	185.40





	Chloroquine diphosphate
	ND


	0.19 ± 0.01


	ND






Notes: The results are based on average IC50 ± SD (µg/mL) values from three replicates (n = 3) for in vitro cytotoxicity activity and anti-plasmodial activity. ND = not determined.

Extracts were tested for cytotoxic effects against Chang liver cells using MTT assay. The results showed no significant toxicity of H11809 with IC50 of 1028.00 ± 1.10 µg/mL. FH025 however showed mild toxicity towards the mammalian liver cells (IC50 = 134.80 ± 1.21 µg/mL) (Table 2). Further comparison of toxicities of tested extracts towards Chang liver cells with their respective anti-plasmodial (P. falciparum 3D7) activities gave SI values [image: art] exceeding 10 indicating both crude extracts selectively suppressed development of the human malarial parasite 3D7 strain in vitro with minimal effects on normal mammalian cells (Ramazani et al. 2010). Selectivity of H11809 was determined to be superior (SI = 1803.52) whereas FH025 displayed good selectivity (SI = 105.31) against P. falciparum 3D7.

DBP Displayed Anti-GSK3β Activity and Good Anti-plasmodial Activity

Further fractionation of H11809-chloroform layers yielded one fraction in which DBP was identified as a major constituent using GCMS analysis (data not shown). The yeast-based kinase assay performed showed that DBP displayed a large and clear inhibition zone at 37°C (20.0 ± 0.0mm) (Table 1). Interestingly, DBP was not detected in the acetone crude extract of FH025 (unpublished data).

Determination of the anti-plasmodial activity of DBP showed an IC50 value of 4.87 ± 1.26 µg/mL towards P. falciparum 3D7 and no significant toxicity towards Chang liver cells (IC50 = 902.90 ± 2.96 µg/mL with SI>10) (Table 2). From these findings, DBP showed GSK3β-inhibitory activity and good anti-plasmodial activity.

H11809 and FH025 Suppressed Parasitaemia Development in P. bergheiinfected Mice

Administration of the test extracts each at 25, 50, 100, and 250 mg/kg bw for four consecutive days caused dosage-dependent suppression of parasitaemia development in P. berghei NK65-infected mice (Table 3). At the highest dosage tested (250 mg/kg bw), H11809 and FH025 inhibited parasitaemia development in P. berghei-infected mice by 83.02% and 79.36%, respectively. By comparison, the reference drug, chloroquine (10 mg/kg bw) displayed 100% chemo-suppression on day 4. H11809 and FH025 were capable of inhibiting P. berghei parasitaemia development by more than 60% at 100 and 250 mg/kg bw dosages. Thus, these results showed promising chemo-suppressive activities of H11809 and FH025 extracts in P. berghei-infected mice.

Table 3: In vivo anti-malarial activities of H11809 and FH025 against P. berghei- NK65-infected mice.



	Extracts/ compound/ drugs
	Dosages (mg/kg bw)


	Suppression of parasitaemia on day 4 (%)


	Median survival time (days)





	H11809
	25


	48.00*


	15





	
	50


	51.90*


	17





	
	100


	80.42*


	18





	
	250


	83.02*


	22





	FH025
	25


	44.80*


	17





	
	50


	53.71*


	21





	
	100


	65.92*


	22





	
	250


	79.36*


	23





	Chloroquine diphosphate (positive control)
	10


	100.00*


	28





	0.9% NaCl (negative control)
	0.2 mL


	–


	10






Notes: The results show chemo-suppression (%) compared with negative control (n = 6).
The symbol * shows significant value (p<0.05).

Infected mice treated with the highest dosage of H11809 or FH025 displayed median survival time of 22 and 23 days, respectively. As comparison, median survival time of 10 days was obtained for non-treated infected mice. Control experimental animals given chloroquine survived throughout the observation period of 28 days (Table 3). These results demonstrated that the administration of H11809 or FH025 improved the median survival time of P. berghei-infected mice.

The crude extract of actinomycetes were also evaluated for effects on normal mice survivability by intraperitoneal injections of (25, 50, 100 or 250 mg/kg bw) for four consecutive days into non-infected mice. All mice survived throughout the 28 days observation period. No signs of toxicity such as diarrhoea, excess urination, and lethargy were observed in the study animals.

DBP Caused Good Inhibition of Parasitaemia Development and Prolonged Survivability of P. berghei-infected Mice

Administration of DBP into P. berghei-infected mice caused good inhibition of P. berghei development. At the highest dosage tested (300 mg/kg bw), DBP suppressed P. berghei NK65 parasitaemia development in mice by 60.80% ± 1.29 (Table 4). The median survival time of infected mice treated with DBP (18 days for highest dosage) was improved compared to non-treated mice. Non-treated mice did not survive beyond day 13 post-infection (Table 4). Reference anti-malarial drug, chloroquine, showed 100% suppression of parasitaemia development on day 4 and all mice survived throughout the observation period of 28 days. The findings showed that DBP suppressed the growth of P. berghei and improved mice median survival time.

DBP (10, 30, 100 or 300 mg/kg bw) was also administered intraperitoneally into normal mice for four consecutive days to evaluate the effects of this compound on the survivability of normal non-infected mice. All mice survived throughout the 28 days observation period with no signs of toxicity observed in the study animals.

Table 4: In vivo anti-malarial activities of DBP against P. berghei NK65-infected mice.



	Extracts/compound/ drugs
	Dosages (mg/kg bw)


	Suppression of parasitaemia on day 4 (%)


	Median survival time (days)





	DBP
	10


	14.56*


	11





	
	30


	31.60*


	14





	
	100


	49.60*


	17





	
	300


	60.80*


	18





	LiCl (GSK3 inhibitor)
	100


	73.20*


	20





	Chloroquine diphosphate (positive control)
	10


	100.00*


	28





	0.9% NaCl (negative control)
	0.2 mL


	–


	13






Notes: The results show chemo-suppression (%) compared with negative control (n = 6).
The symbol * shows significant value (p<0.05).

Increased Phosphorylation (Ser 9) of GSK3β were Detected in Organ Samples of P. berghei-infected Mice Administered with H11809 or FH025

The phosphorylation state of Ser 9 GSK3β in liver tissues obtained from P. berghei-infected mice administered with H11809 or FH025 crude extracts were determined by western analysis. Western analysis revealed higher levels of Ser 9 GSK3β phosphorylation in samples from infected mice treated with H11809 or FH025 (6.79-fold and 6.97-fold, respectively) compared to samples from their respective controls. Interestingly, fold increases of Ser9 GSK3β in the liver of H11809 or FH025-administered mice were 7.57-fold and 8.16-fold, respectively compared to their own set of controls (Figs. 2–5).

The fold increase observed is comparable to that in LiCl-treated mice (8.16 to 8.39-fold) compared to non-treated infected mice. However, in the presence of chloroquine (10 mg/kg bw), levels of liver pGSK3 were not affected by the P. berghei infection. Both control and normal groups of mice showed lower levels of liver pGSK3β (Ser 9) compared to extracts and LiCl treatments. This finding indicates that anti-malarial activities of extracts prepared from actinomycete H11809 or FH025 resulted in the inhibition of host (liver) GSK3β.
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Figure  2: GSK3β phosphorylation levels in liver. Liver protein samples from P. berghei-infected mice administered with anti-malarial drug, chloroquine diphosphate (CQ), GSK3 inhibitor; LiCl; and acetone crude extract of H11809. Levels of phosphorylated GSK3β (Ser 9) were normalised to total levels of GSK3β. Data represents mean ± SD of treated group compared to non-treated control.
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Figure  3: GSK3β phosphorylation levels in liver. Liver protein samples from normal mice each administered with anti-malarial drug, chloroquine diphosphate (CQ), GSK3 inhibitor; LiCl; and acetone crude extract of H11809. Levels of phosphorylated GSK3β (Ser 9) were normalised to total levels of GSK3β. Data represents mean ± SD of treated group compared to non-treated control.
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Figure  4: GSK3β phosphorylation levels in liver. Liver protein samples from P. berghei-infected mice each administered with anti-malarial drug, chloroquine diphosphate (CQ), GSK3 inhibitor; LiCl; and acetone crude extract of FH025. Levels of phosphorylated GSK3β (Ser 9) were normalised to total levels of GSK3β. Data represents mean ± SD of treated group compared to non-treated control.
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Figure  5: GSK3β phosphorylation levels in liver. Liver protein samples from normal mice each administered with anti-malarial drug, chloroquine diphosphate (CQ), GSK3 inhibitor; LiCl; and acetone crude extract of FH025. Levels of phosphorylated GSK3β (Ser 9) were normalised to total levels of GSK3β. Data represents mean ± SD of treated group compared to non-treated control.



DBP Resulted in Increased Ser 9 Phosphorylation of GSK3β

Similarly, like H11809, administration of DBP in P. berghei-infected mice increased levels of phosphorylated GSK3β (Ser 9) in the liver by 6.85-fold (Fig. 6) compared to non-treated infected mice (Fig. 7). It is noteworthy that increased phosphorylation was also comparable in the liver of LiCl-administered animal (7.95-fold), therefore suggesting the anti-malarial effects of DBP to involve Ser 9 phosphorylation (thus inhibition) of GSK3β.
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Figure  6: GSK3β phosphorylation levels in liver. Liver protein samples from P. berghei-infected mice each administered with anti-malarial drug, chloroquine diphosphate (CQ), GSK3 inhibitor; LiCl; and DBP. Levels of phosphorylated GSK3β (Ser 9) were normalised to total levels of GSK3β. Data represents mean ± SD of treated group compared to non-treated control.
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Figure  7: GSK3β phosphorylation levels in liver. Liver protein samples from normal mice each administered with anti-malarial drug, chloroquine diphosphate (CQ), GSK3 inhibitor; LiCl; and DBP. Levels of phosphorylated GSK3β (Ser 9) were normalised to total levels of GSK3β. Data represents mean ± SD of treated group compared to non-treated control.



DISCUSSION

Actinomycetes are a class of bacteria known to contain diverse chemical compounds which hold promise for the development of novel anti-malarial therapeutics (Sosovele et al. 2012; Xu et al. 2014). Anti-malarial activities have been identified in actinomycetes from various sources. For example, secondary metabolites salinosporamide A (Prudhomme et al. 2008), eponemycin and coronamycin (Rivo et al. 2013) isolated from marine and soil actinomycetes have been shown to inhibit plasmodial growth. Interestingly, another anti-malarial secondary metabolite, manzamine A, produced by sponge-associated bacteria also displayed GSK3β-inhibitory effects (Waters et al. 2014). To our knowledge, anti-GSK3 activity has not been reported in soil actinomycetes.

From our present study, we report that extracts prepared from two soil-derived actinomycetes, H11809 and FH025, with anti-malarial activities also displayed GSK3β-inhibitory properties evaluated via a yeast-based kinase assay. Both strains of Plasmodium used in this study are established models of malarial infection in vitro and in vivo. Both crude extracts were found to be highly selective towards P. falciparum 3D7. Based on the positive in vitro results, in vivo efficacy tests were carried out for H11809 and FH025 using a murine model of malarial infection. Our findings revealed that both extracts showed dosage-dependent chemo-suppressive activities in vivo and improved animal survivability compared to non-treated infected mice. Previously, we reported that LiCl (a GSK3 inhibitor) suppressed P. berghei parasitaemia development and prolonged survivability of malaria-infected mice (Zakaria et al. 2010). Taken together, the above findings suggest that the anti-malarial properties of the extracts could be mediated through inhibition of GSK3β.

Previous studies have shown that GSK3 inhibitors inhibit growth of plasmodial parasite in vitro and in vivo (Masch & Kunick 2015). The P. falciparum homologue of the GSK3 enzyme (PfGSK3) is believed to be essential in the liver and blood stages of the parasite’s development (Droucheau et al. 2004). In addition, Gazarini et al. (2003) demonstrated that protein kinase inhibitors interrupted the blood stage cycle of the rodent malarial parasite, Plasmodium chabaudi, thus clearly suggesting that phosphorylation events are required for normal development of these parasites. In our present study, administration of LiCl into P. berghei-infected mice resulted in phosphorylation of hepatic (Ser 9) GSK3β. It is interesting to note that increased Ser 9 phosphorylation of GSK3β was also detected in the liver of P. berghei-infected mice following administration of H11809 or FH025. The potent anti-malarial activity of H11809 and FH025 can therefore be associated with the inhibition of host GSK3β.

The present study also revealed that DBP, a compound in H11809 (unpublished data), exhibited anti-plasmodial activity in vitro. Similar chemo-suppressive effects were observed with DBP and more importantly, the present study revealed DBP administration also increased the phosphorylation of Ser 9 GSK3β. Therefore, the findings described implicates DBP as plausibly contributing to the anti-malarial effects observed for H11809. These findings corroborate a previous report on disruption of Wnt/β-catenin signalling pathway, in which GSK3 plays a critical regulatory role, by DBP in zebrafish embryos (Fairbairn et al. 2012).

In conclusion, findings from the present study suggest that the potent anti-malarial activities of H11809 and FH025 can therefore be associated with the inhibition of GSK3β in the host implicating immuno-modulatory effects of the two extracts. In addition, our study suggests that DBP is in part the bioactive component contributing to the anti-malarial activity, acting through inhibition of GSK3β displayed by H11809.
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Abstrak: Probiotik ialah mikroorganisma hidup yang boleh didapati dalam makanan fermentasi dan susu kultur, dan digunakan secara meluas dalam penyediaan makanan bayi. Probiotik dikenali sebagai “bakteria baik” yang memiliki pelbagai manfaat untuk kesihatan seperti pencegahan penyakit usus, peningkatan sistem imun, intoleransi laktosa dan keseimbangan mikrob usus, menunjukkan kesan antihiperkolesterolemik dan antihipertensi, meredakan gangguan menopaus, dan mengurangkan cirit-birit pengembara. Kajian baru-baru ini juga telah memberi tumpuan kepada kegunaan probiotik dalam merawati penyakit kulit dan mulut. Di samping itu, modulasi paksi gut-otak dengan probiotik telah dicadangkan sebagai penyelesaian terapeutik baru bagi gejala kebimbangan dan kemurungan. Oleh itu, kajian ini membincangkan mengenai produkproduk semasa yang mengandungi probiotik di Malaysia, kriteria pemilihan probiotik, dan bukti-bukti yang diperolehi daripada kajian lepas tentang bagaimana probiotik telah digunakan untuk mencegah gangguan usus melalui peningkatan sistem imun, bertindak sebagai faktor antihiperkolesterolemik, meningkatkan kesihatan mulut dan kulit, dan berperanan sebagai ejen anti-kebimbangan dan anti-kemurungan.

Kata kunci: Probiotik, Hiperkolesterolemik, Stres, Oral, Derma

Abstract: Probiotics are live microorganisms that can be found in fermented foods and cultured milk, and are widely used for the preparation of infant food. They are well-known as “health friendly bacteria”, which exhibit various health beneficial properties such as prevention of bowel diseases, improving the immune system, for lactose intolerance and intestinal microbial balance, exhibiting antihypercholesterolemic and antihypertensive effects, alleviation of postmenopausal disorders, and reducing traveller’s diarrhoea. Recent studies have also been focused on their uses in treating skin and oral diseases. In addition to that, modulation of the gut-brain by probiotics has been suggested as a novel therapeutic solution for anxiety and depression. Thus, this review discusses on the current probiotics-based products in Malaysia, criteria for selection of probiotics, and evidences obtained from past studies on how probiotics have been used in preventing intestinal disorders via improving the immune system, acting as an antihypercholesterolemic factor, improving oral and dermal health, and performing as anti-anxiety and anti-depressive agents.

Keywords: Probiotic, Hypocholesterolemic, Stress, Oral, Derma

INTRODUCTION

Probiotics are live microorganisms which upon ingestion in sufficient concentrations can exert health benefits to the host. This definition of probiotics was derived in 2001 by the United Nations Food and Agriculture Organization (FAO) and the World Health Organization (WHO), and has been the term of reference for science and regulation thereafter (FAO/WHO 2002). Demand for food containing probiotics are expanding globally due to the continuous generation of research evidence indicating their potential health benefits to consumers. This growing market has pulled in the probiotics research into the Malaysian mainstream in line with government policies promoting healthly living styles and related products are being marketed as functional food products. Functional food products resemble conventional food in terms of appearance but are composed of bioactive compounds that may offer physiological health benefits beyond nutritive functions (Emms & Sia 2011; Arora et al. 2013). Food processing companies that are widely involved in the manufacturing of probiotics or cultured drinks in Malaysia are Yakult (M) Sdn. Bhd., Nestlé Malaysia, Malaysia Milk Sdn. Bhd., and Mamee-Double Decker (M) Berhad.

Hundreds of different bacteria species are the natural and predominant constituents of intestinal microbiota. Among the numerous intestinal microbes, those anticipated to exhibit potential health benefits to the host through modulation of the intestinal microbiota are commonly selected as probiotics. Species belonging to the genera Lactobacillus and Bifidobacterium have been reported to be the beneficial probiotic bacterial strains. The representative species include L. acidophilus, L. casei, L. plantarum, B. lactis, B. longum, and B. bifidum (Kailasapathy & Chin 2000; Ishibashi & Yamazaki 2001). Some of the major health benefits attributed to probiotics include improvement of gastrointestinal microflora, enhancement of immune system, reduction of serum cholesterol, cancer prevention, treatment of irritable bowel-associated diarrhoeas, antihypertensive effects as well as improvement of lactose metabolism (Saarela et al. 2000; Nagpal et al. 2012). This article reviews on the past studies involving the use of probiotics in strengthening the immune system, prevention of bowel diseases, modulation of hypocholesterolemic effect as well as promoting dermal and oral health. Besides that, potential uses of probiotics for the management of anxiety and depression as well as boosting dermal and oral health are also discussed.

Current Probiotics-based Products in the Malaysian Market

Mostly probiotics products in Malaysia are marketed in the form of fermented milk and yoghurt (Ting & DeCosta 2009). However, in recent years, the probiotics products from non-dairy based sources are gaining attention due to the ongoing trend of vegetarianism and also to meet the demands of those who are lactose intolerant (Vasudha & Mishra 2013). The following examples represent some of the dairy based-products with certain types of probiotics that can be found currently in the Malaysian market. Nestlé Bliss, marketed by Nestlé Malaysia, is made up from real fruit juices added with live cultures of Streptococcus thermophillus, B. lactis, and L. acidophilus (as on Feb 22, 2015, http://www.nestle.com.my/brands/chilled_dairy/nestle_bliss). Vitagen is a cultured milk drink manufactured by Malaysia Milk Sdn. Bhd. and is composed of live probiotics such as L. acidophilus and L. casei that are imported from Chr. Hansen Laboratory, Denmark (as on Feb 22, 2015, http://www.vitagen.com.my/benefits.html). Yakult (M) Sdn. Bhd. produces Yakult Ace cultured milk drink that contains a strain named L. casei Shirota strain (as on Feb 22, 2015, http://www.yakult.com.my/html/about_yakult.html). HOWARU Protect™ is a non-dairy product containing patented probiotic formulation in the form of powder which contains B. lactis Bi-07TM and L. acidophilus NCFM®, and is marketed by Cambert (M) Sdn. Bhd. (as on Feb 22, 2015, http://www.danisco.com/product-range/probiotics/howarur-premium-probiotics/howarur-protect-probiotics/).

Nutriforte Lactoghurt is a product by Cell Biotech, a Danish-Korean bio-venture enterprise that introduces the dual coating technology, Duolac®, in order to increase the viability of the probiotics during manufacturing, shelf life, and during passage through the gastrointestinal tract (GIT). The product is based on the synergistic combination of 5 dual-coated live bacteria strains of L. acidophilus, L. rhamnosus, B. longum, B. lactis, and S. thermophilus (as on 16 Oct, 2015, http://www.nutriforte.com.my/Lactoghurt+Probiotics_20_1.htm). Hexbio© is a probiotic formulation consisting of L. acidophilus BCMC™ 12130, L. lactis BCMC™ 12451, L. casei BCMC™ 12313, B. longum BCMC™ 02120, B. bifidum BCMC™ 02290, and B. infantis BCMC™ 02129 that is manufactured by B-Crobes group of companies (as on 16th Oct, 2015, http://www.bcrobes.com/hexbioproduct).

Selection of Probiotics

There are a number of criteria that must be met during the selection of a probiotic bacterial strain with utmost importance placed on safety issues. Strains of the Lactobacillus and Bifidobacterium genera are usually regarded as safe from the basis of long-term human use. Members of other genera such as Bacillus licheniformis have also been investigated to be used as probiotics. However, it should not be concluded that all members belonging to the Bacillus genus can be used as probiotics. This is because there are some strains from the Bacillus genus that are associated with diseases such as Bacillus cereus, which can cause food-borne illnesses. It is critical to perform safety assessment when the probiotics are not from the genera of Lactobacillus or Bifidobacterium (European Food Safety Authority [EFSA] 2007; Leuschner et al. 2010).

Pathogenicity and infectivity, intrinsic properties as well as virulence factors related to toxicity and metabolic activity of the microorganisms are factors that need to be addressed during the safety assessment process of probiotics (Ishibashi & Yamazaki 2001). Viability and activity of probiotics during storage and when passing through the GIT is also essential. Stomach and the surroundings of the GIT have the highest acidity; therefore it is critical to establish the behaviour and fate of the microorganism during the passage through this condition. In vitro tests typically resembling the conditions in the GIT are commonly used as a screening tool to identify potential probiotics. This is because colonisation and potential health benefits can only be anticipated when these viable cells are able to survive through the natural barriers that exist in the GIT such as low pH conditions and degradation by digestive enzymes as well as by bile salts (Kailasapathy & Chin 2000; Ishibashi & Yamazaki 2001). The viable cell numbers of probiotics in a product should be at least 106 CFU/mL at the expiry date for health and functional claiming as the recommended minimum effective dose per day is 108–109 cells. Many factors such as pH, titrable acidity, molecular oxygen, redox potential, hydrogen peroxide, flavouring agents, packaging materials, and packaging conditions are associated with viable cell count of a microorganism in a product throughout the manufacturing and shelf-life periods (Mortazavian et al. 2012). Another important selection criterion for a probiotic is the ability to adhere to host tissues especially to the intestinal mucus and epithelial cells to promote efficient host-microbial interactions. This interaction is particularly important to prolong the retention period of the specific strain in the gut. However, continuous intake of orally administered probiotics is necessary because permanent colonisation of probiotics is uncommon. Many factors are involved in the adhesion of probiotic microorganisms to the host tissues. Microbial cell density, buffer components, fermentation duration, and growth medium are associated to the in vitro culture parameters while intestinal microflora, digestion, and the food matrix are referred to in vivo conditions (Ouwehand & Salminen 2003; Forssten et al. 2011).

There are ongoing studies on the identification of new strains for potential exploitation as probiotics concurrently with existing strains being explored for novel applications. These new strains need to be evaluated and assessed based on established selection criteria which include safety and, functional and technological characteristics prior to the selection of a particular strain for probiotic application.

IN VITRO AND IN VIVO STUDIES ON THE BENEFICIAL EFFECTS OF PROBIOTICS

Bowel Diseases and the Immune System

Ulcerative colitis and Chron’s diseases are types of bowel diseases that have been linked to the gut’s microbial genetic predisposition and environment. Breaking the balance between the intestinal immunity and microbiome may lead to these bowel diseases (Khor et al. 2011). Enteric bacteria may change the equilibrium of pro-inflammatory and anti-inflammatory cytokine level of the intestine that becomes the predisposing factor for intestinal disorders. Pro-inflammatory cytokines that are produced by Th1 cells and anti-inflammatory cytokines that are secreted by Th2 cells are important in maintaining the homeostasis of the immune system in the intestinal barrier (Elgert 2009).

Probiotic organisms are increasingly known for its ability to prevent and/or treat intestinal disorders and improve the immune system in both in vitro and animal models. Peran et al. (2005) investigated the role of L. salivarius CECT 5713 in colitis induced rats. The research showed that orally administered probiotics were able to exert anti-inflammatory effects and reduced the necrosis in the treated group which subsequently ameliorated the colonic condition. It was proved with histological findings where the affected intestine of the treated group showed a pronounced recovery and the markers of inflammation and necrosis such as MPO, TNF-α, and iNOS expressions have been greatly reduced. This result also matches with the research conducted on human peripheral blood mononuclear cells (PBMCs) that certain probiotic bacteria such as lactobacilli exert anti-inflammatory effects where the highest level recorded was with L. salivarius Ls-33. The inflammatory status was assessed by the ratio of IL10/IL12 whereby a high ratio indicates an anti-inflammatory effect whereas a low ratio shows a pro-inflammatory effect. In addition to that, the ranking of the tested strains’ ability to improve experimental colitis that was obtained on the basis of an in vitro IL-10/IL-12 cytokine stimulation ratio closely resembles the order in an animal model such as mice (Foligne et al. 2007).

Additionally, a downregulation of TNF-α and COX-2, and upregulation of anti-inflammatory cytokines for instance IL-4, IL-6, and IL-10 were observed in colitis mouse fed with L. plantarum 91 (Duary 2011). A similar in vivo result was also obtained where an increase in anti-inflammatory cytokine IL-10 and a decrease in pro-inflammatory cytokine were found in dextran sulphate sodium (DSS) induced colitis mouse treated with L. kefiranofaciens M1. In the same study, anti-colitis effect was also examined using in vitro assays. Results showed that L. kefiranofaciens M1 was able to increase the amount of apical and basolateral chemokines, and CCL-20, and strengthen the barrier function of epithelia via improving the transepithelial electrical resistance (TEER) (Chen et al. 2011). In addition to that, Ganguli et al. (2013) conducted a study to investigate the effect of probiotics in necrotising enterocolitis (NEC). NEC is considered a lethal condition in premature infants. The effect of probiotics was observed on developing human intestinal xenografts and the research proved that L. acidophilus ATCC 53103 and B. infantis ATCC 15697 were able to modulate intestinal inflammatory response. The secreted glycolipid or glycan could be the reason for the anti-inflammatory effect.

On the other hand, a clinical trial was conducted involving 187 ulcerative colitis patients where L. rhamnosus GG (LGG) was given at the dosage of 18 × 109 viable bacteria/day with and without standard treatment of mesalazine at the dosage of 2400 mg/day. Administration of LGG or a combination of LGG and mesalazine to the subjects increased the relapse-free time compared to the standard treatment (Zocco et al. 2006). As shown in both in vitro and in vivo studies, probiotic treatment may alleviate bowel diseases through modulating the immune responses.

Although probiotic treatments improve the severity of the diseases by decreasing inflammation, it did not treat the actual root cause. Moreover, there is fear of opportunistic infection by probiotic strains as they modulate the inflammatory status of a subject. Thus, more clinical trials will be needed to disclose the controversies regarding the effectiveness and safety issues in order to provide better understanding on the control mechanisms of diseases. Longer duration of studies are also required to prove the sustainability of the positive effects on human health.

Hypocholesterolemic Effect

Probiotics have been suggested to have hypocholesterolemic effects through numerous mechanisms such as assimilation of cholesterol, binding of cholesterol to cellular surface (Lye et al. 2010), co-precipitation of cholesterol (Zhang et al. 2008), interference with the formation of micelle for intestinal absorption, and bile acids deconjugation through the secretion of bile salt hydrolase (BSH) (Lambert et al. 2008).

Hypocholesterolemic effects exhibited by probiotics is mostly claimed due to BSH activity and it can be detected in all lactobacilli and bifidobacteria strains. The major role of BSH is deconjugation of bile acid, which makes the bile salt less soluble and be excreted out as free bile acid via faeces. This will reduce the cholesterol in serum and increase the de novo synthesis to replace the lost bile acid (Nguyen et al. 2007). Besides that, cholesterol could be removed in greater amount in the presence of bile as it acts as a surfactant and allows cholesterol to attach onto bacterial cell membrane. Additionally, Lye et al. (2010) reported that the attachment of cholesterol on the bacterial cell membrane was growth dependent. However, the efficacies of treatment of each probiotic strain have not been explored in detail with respect to dose and duration. Table 1 shows the summary of findings for the hypocholesterolemic effects of probiotics.

Dermal Health

Probiotics have been proven to have some new benefits for skin health. Recent studies showed that probiotic could improve atopic eczema, wound and scar healing, and help skin-rejuvenation.

To date, effects of probiotics on skin diseases are extensively studied via both administration and topical application methods. However, research data are still inconclusive to support the concerned potential of probiotics. Results from the clinical trial of probiotic treatments are conflicting due to differences in dosage, probiotic strain, duration of application, length of follow-up, and time slot of administration.

A recent study done by Yesilova et al. (2012) revealed that probiotics treatment containing B. bifidum, L. acidophilus, L. casei, and L. salivarius was effective in reducing atopic dermatitis patients’ SCORing Atopic Dermatitis (SCORAD) index and in stimulating cytokine production. The authors suggested that the impact of probiotics on SCORAD could be due to the modification of immunogenicity of potential allergens. On the other hand, Escherichia coli Nussle 1917 (EcN, serotype O6: K5: H1) has been evaluated to be beneficial for the treatment of several chronic inflammatory diseases. Weise et al. (2011) demonstrated that oral administration of EcN induced the immune regulatory mechanisms in allergen-induced dermatitis mouse model (BALB/c mice) via stimulating the cytokine production.

Table 1: Summary of findings for hypocholestrolemic effects of probiotics.



	
	Probiotic organism
	Experimental system
	Major findings
	Reference



	In vivo
	Yogurt (unknown)
	Human
	Reduced total cholesterol and LDL
	Agerholm-Larsen et al. (2000)



	
	Fortified buffalo milk-yogurts with B. longum
	Rat
	Reduced total cholesterol, LDL-cholesterol, and triglyceride
	Abd El-Gawad et al. (2005)



	
	L. plantarum
	Mice
	Reduced blood cholesterol Decreased triglycerides
	Nguyen et al. (2007)



	
	L. plantarum
	Rat
	Decreased total cholesterol and LDL-cholesterol Increased HDL-cholesterol
	Kumar et al. (2011)



	
	L. plantarum
	Rat
	Decreased LDL, VLDL, and increased HDL with decrease in deposition of cholesterol and triglyceride in liver and aorta
	Mohania et al. (2013)



	In vitro
	L. fermentum
	Culture media
	BSH activity
	Pereira et al. (2003)



	
	L. plantarum
	Culture media
	Cholesterol assimilation
	Kumar et al. (2011)



	
	L. acidophilus

L. bulgaricus

L. casei


	Culture media

	Assimilation of cholesterol Attachment of cholesterol onto cell surface

Disrupt the formation of cholesterol micelle

Deconjugation of bile salt

Exhibited bile salt hydrolase activity


	Lye et al. (2010)




	
	L. reuteri

L. fermentum

L. acidophilus

L. plantarum

	Culture media

	Cholesterol assimilation

	Tomaro-Duchesneau et al. (2014)





Furthermore, a few evidences suggesting that nonviable bacteria as well as extract component from bacteria could also exert health potentials. Research findings showed that bacterial compounds can evoke certain immune responses and improve skin barrier functions. Stability of the cell components and metabolites at room temperature when compared to viable cell make them more suitable for topical applications (Gueniche et al. 2010). Furthermore, Lew and Liong (2013) reported that some of the bacterial compounds such as hyaluronic acid, lipoteichoic acid, peptidoglycan, and sphingomyelinase exhibited beneficial dermal effects with some possible mechanism actions. However, the exact mechanisms remain unclear, and more research should be directed to explore the potential in fulfilling the demand for probiotic dermal formulations.

Lactic acid bacteria can produce bioactive peptides known as bacteriocins that possess antimicrobial activity against pathogenic bacteria. Iordache et al. (2008) revealed that in the presence of soluble molecules produced by lactic bacteria with probiotic potential, the expression of opportunistic bacterial virulence factors could be suppressed. These findings could lead to a new alternative treatment for bacterial infections although the exact mechanism of action remains to be ascertained.

Based on the studies that have been done, probiotics pose a promising potential although its effects could be strain specific, dosage dependent, and application reliance.

Oral Health

The emergence of antibiotic-resistance bacteria has recently attracted the attention of researchers for potential application of probiotics in boosting oral health. To date, research findings suggested that probiotic is useful in preventing oral diseases such as dental caries, periodontal infection, and halitosis (Cildar et al. 2009; Shimauchi et al. 2008; Masdea et al. 2012).

Dental caries

Dental caries is a bacterially mediated process that is characterised by acid demineralisation of the tooth enamel (Selwitz et al. 2007). In the event of preventing dental caries, probiotics need to adhere to the dental surfaces and antagonise the cariogenic species such as mutans streptococci and lactobacilli. Probiotics that are incorporated into a dairy product such as cheese could neutralise the acidic condition in the mouth and prevent demineralisation of the enamel (Jensen & Wefel 1990).

An in vitro study done by Ahola et al. (2002) has revealed that L. rhamnosus GG could potentially inhibit the colonisation by streptococcal cariogenic pathogens, thus helping to reduce tooth decay incidences in children. Nase et al. (2001) demonstrated a significant decrease in dental caries and lowered salivary counts of S. mutans in patients after consumption of dairy products containing L. rhamnosus for seven months. An in vitro study done by Haukioja et al. (2008) also revealed that lactobacilli and bifidobacteria were able to modify the protein composition of salivary pellicle and thus, specifically prevent the adherence of S. mutans.

In addition, Nikawa et al. (2004) revealed that the consumption of yogurt containing L. reuteri for 2 weeks reduced the concentration of S. mutans in saliva up to 80%.

Periodontal disease

Primary pathogenic agents such as Porphyromonas gingivalis, Treponema denticola, and Tannerella forsythia possess a variety of virulent characteristics that allow them to colonise the subgingival site, interfere with the host’s immune system, and cause tissue damage. Hojo et al. (2007) reported that L. salivarius, L. gasseri, L. fermentum, and Bifidobacterium are among the common prevalent species residing in the oral cavity and are significant for the oral ecological balance.

Krasse et al. (2006) found that after two weeks of ingesting chewing gum containing L. reuteri, oral cavity of the patients with a moderate-to-severe gingivitis has been colonised by the strain and a significant reduction of plaque index was observed. In addition, Riccia et al. (2007) evaluated the anti-inflammatory effects of L. brevi in a group of patients with chronic periodontitis. The result demonstrated a positive improvement in plaque index, gingival index, bleeding, and probing for all patients after four days of treatment with lozenges containing L. brevis. Moreover, substantial reduction of the salivary level prostaglandin E2 (PGE2) and matrix metalloproteinases (MMPs) were also observed and these could be due to ability of L. brevis in preventing the production of nitric oxide, thus suppressing PGE2 expression and MMPs activation.

Recent studies have reported the ability of lactobacilli flora to inhibit the growth of periodontopathogens such as P. gingivalis, Prevotella intermedia, and Aggregatibacter actinomycetemcomitans. According to Koll-Klais et al. (2005), isolated oral lactobacilli suppressed the growth of S. mutans, A. actinomycetemcomitans, P. gingivalis, and P. intermedia up to 69%, 88%, 82%, and 65%, respectively. In a recent study, Chen et al. (2012) determined the antagonistic growth effects of L. salivarius and L. fermentum on the growth inhibition of periodontal pathogens including S. mutans, S. sanguis, and P. gingivalis. A similar finding was also reported by Ishikawa et al. (2003) on the in vitro inhibition of P. gingivalis, P. intermedia, and Prevotella nigrescens by daily oral administration of a tablet containing L. salivarius.

Comprehensive studies are required to clarify the correlation between regular consumption of the product containing probiotics and periodontal health. Further clinical investigation on the dosage of probiotic, mean of administration, and safety aspects are required in order to establish the potential of probiotics in the treatment of periodontal diseases.

Halitosis

The unpleasant odour from the oral cavity in halitosis is due to the volatile sulphur compounds (VSC) which are produced by anaerobic bacteria that degrade food proteins. Fusobacterium nucleatum, P. gingivitis, P. intermedia, and T. denticola are the bacteria that are responsible for VSC production. Kang et al. (2006) suggested that the production of hydrogen peroxide by Weisella cibaria caused the growth inhibition of F. nucleatum. They also found that the gargle solution containing W. cibaria reduced the production of hydrogen sulphide and methanethiol by F. nucleatum. Moreover, another species, S. salivarius is known to produce bacteriocins that could colonise with and suppress the growth of volatile sulphide-producing species (Burton et al. 2005).

Preliminary data obtained by numerous studies have been encouraging, but apparently more clinical studies are necessary to establish probiotics’ potential application in oral health. More studies are required to identify the most safe and functional probiotic strains, optimal target population, optimal dosage, and mode of administration. The effects of probiotic on oral health and its maintenance remain unclear. The exact mechanisms of action for immunomodulation in host and its interaction with pathogenic species need further clarification. Long-term effects of probiotics consumption remain ambiguous. Thus, well-designed long-term clinical trials are needed to evaluate the potential of probiotics. Promising strains need to be tested in an extended clinical trial with various methods of applications in order to prove conclusively the effectiveness of oral disease treatment using probiotics.

MODULATION OF GUT-BRAIN AXIS USING PROBIOTIC

In a human body, the GIT is the most heavily colonised organ by various species of bacteria such as Bactroidetes, Firmicutes, and Actinobacteria (Vyas & Ranganathan 2012). The human GIT is inhabited with 1013 to 1014 microorganisms, which is tenfold greater than the human cell number and carries 150 times more genes than that of the human genome (Cryan & Dinan 2012).

On the other hand, gut-brain axis is the bidirectional interactions between the GIT and the brain (Grenham et al. 2011). It is regulated at the hormonal, neural, and immunological levels for maintaining homeostasis and dysfunction of the axis causes pathophysiological consequences. The frequent co-occurrence of stress-related psychiatric disorders for instance gastrointestinal disorders and anxiety has also further emphasised the importance of this gut-brain axis (Cryan & Dinan 2012; Matsumoto et al. 2013).

The scaffolding of the gut-brain axis consists of the central nervous system (CNS), the enteric nervous system (ENS), the sympathetic and parasympathetic arms of the autonomic nervous system (ANS), the neuroendocrine and neuroimmune systems, and also the gut microbiota (Grenham et al. 2011). A complex reflex network is formed to facilitate signalling along the axis, with afferent fibre projections to integrative CNS structures and efferent fibre projections that project to smooth muscle in the intestinal wall (Cryan & Dinan 2012). Through this bidirectional communication network, brain signals can affect the motor, sensory, and secretory functions of the GIT and contrarily, the GIT signals can affect the brain function (Grenham et al. 2011).

There have been increasing evidences showing that the alterations in the gut microbiota can greatly influence the interaction between the gut and the brain, affect brain function as well as modulate behaviour. The use of germ-free animals is one of the approaches used to study the gut-brain axis. Neufeld et al. (2011) carried out a comparison study on the basal behaviour of female germ-free (GF) mice and conventionally reared specific pathogen-free (SPF) mice. A higher plasma corticosterone level was observed in the GF mice which indicated a higher stress response compared to the SPF mice. An altered gene expression level of brain-derived neurotrophic factor (BDNF), glutamate and serotonin receptors which imply anxiety were also observed in the GF mice. This was the first study which demonstrated the effect of intestinal microbiota on the behaviour development and neurochemical changes in the brain (Neufeld et al. 2011).

Gut-brain axis modulation has been considered as a potential therapeutic solution to treat disorders like anxiety and depression due to the emergent concern on gut-brain interaction and its ability to affect the development of psychiatric disorders. Studies also supported that probiotics play a role in modulation and improvement of mood, stress response, and anxiety signs in irritable bowel syndrome (IBS) and chronic fatigue patients (Lakhan & Kirchgessner 2010). A number of researches have been conducted to examine the impact of probiotics on gut-brain axis.

An in vivo study on the effect of psychotropic-like properties of probiotic in rat and human subjects was performed by Messaoudi et al. (2011). The authors found that the daily consumption of the probiotics mixture of L. helveticus R0052 and B. longum R0175 (109 cfu) significantly (p<0.05) decreased anxiety-like behaviour in rats and showed a reduced psychological distress in human subjects. The research findings indicated that probiotics are not only able to modulate gut microbiota but are also involved in stress, anxiety, and depression management which can be used as a novel therapy in psychiatric disorders (Messaoudi et al. 2011). In another study, a reduction in the post-myocardial infarction depressive behaviour and an improvement in intestinal permeability in rats were observed upon administration of a similar probiotics mixture. The authors postulated that the probiotics mixture might exhibit therapeutic effect on depressive behaviour via reduction of pro-inflammatory cytokines, which subsequently leads to depression induction and restores intestinal integrity by apoptosis inhibition (Arseneault-Breard et al. 2012).

In addition, Desbonnet et al. (2009) studied the effect of B. infantis on 20 Sprague-Dawley rats. The authors reported that an increase in serotonergic precursor (tryptophan) and decrease in pro-inflammatory immune responses, whereby both are implicated in depression, were found in rats upon consumption of B. infantis for 14 days. Results showed that B. infantis might possess antidepressant properties and might be beneficial in depressive therapies. This was supported by Desbonnet et al. (2010) whereby the B. infantis treatment enabled the normalisation of the peripheral immune response, reversed behavioural deficits, and restored concentrations of basal noradrenaline in the brain of maternal separation rats (Desbonnet et al. 2010).

Moreover, an experiment was performed by Bravo et al. (2011) to examine the antidepressant effect of L. rhamnosus (JB-1) in mice. The authors observed a decrease in stress-induced corticosterone and reduced anxiety- and depression-related behaviours in mice as well as induced region-dependent alterations in gamma-aminobutyric acid receptors (GABAA and GABAB) mRNA expressions via the vagus nerve. GABA is the main CNS inhibitory neurotransmitter. Pathogenesis of depression and anxiety was implicated by alteration in the expression of the GABA receptor. The results revealed that administration of L. rhamnosus (JB-1) was able to modulate the GABAergic system and alter anxiety- and depression-related behaviours in mice.

Chronic fatigue syndrome (CFS) is a complex and debilitating disorder characterised by intense fatigue that may be worsened by physical or mental activities and will not be improved by bed rest. About 97% of CFS patients claimed neuropsychological disturbances such as headaches and symptoms in the emotional realm. The most prevalent emotion-related symptoms are anxiety and depression. In a pilot study, CFS patients receiving L. casei strain Shirota (LcS) (24 × 109 cfu) daily for two months showed a significant (p<0.01) decrease in anxiety symptoms (Rao et al. 2009). This study provided further support on the presence of the gut-brain communication which can be mediated by the gut microbiota. In another study, human subjects were required to consume either a cultured drink containing L. casei Shirota (108 cfu/mL) or a placebo control daily for three weeks. Measurements on cognition and mood using questionnaire-based profile of mood states (POMS) were conducted at baseline and after 10 and 20 days of administration. Six basic mood dimensions were measured daily which includes confident/unsure, clearheaded/ muddled, elated/depressed, agreeable/angry, energetic/tired, and composed/anxious on 10 cm visual analogue scales. Every evening subjects were requested to rate their mood all through the day based on the scales. Human subjects with poor mood at the beginning of the experiment exhibited a significant (p<0.05) improvement in mood after the probiotic treatment (Benton et al. 2007).

It has been reported that an alteration of normal gut microbiota in adult rodents with probiotics can modulate pain, behaviour, and brain biochemistry (Bravo et al. 2011). Thus, another study proposed that the alteration of gut microbiota might possess a similar effect on human behaviour and brain function. Tillisch et al. (2013) evaluated an effect of consuming fermented milk containing a mixture of probiotics (B. animalis subsp Lactis, S. thermophiles, L. bulgaricus, and Lactococcus lactis subsp Lactis) on gut-brain communication in humans. Results revealed that brain activity, which plays a role in controlling emotion and sensation in healthy women was influenced after administration of the aforementioned fermented milk. This study clearly demonstrates the relationship of consumption of probiotics on the modulation of brain activity and also provides evidence for the modulatory effect of probiotics in the gut-brain interactions.

An increase of experimental data has supported the existence of gut-brain axis and the modulatory effect of probiotics on the axis to treat psychiatric disorders. However, the exact mechanisms involved in the modulation of the gut-brain axis with probiotics remain ambiguous. In a recent research by Bercik et al. (2011), administration of B. longum NCC3001 was determined to normalise anxiety-like behaviour of the dextran sodium sulphate-induced colitis mice model. The authors hypothesised that it might be the vagal pathways that mediate the anxiolytic signals of B. longum, which can be initiated either on vagal afferent terminals innervated with gut or at the enteric nervous system level.

Altogether, accumulating evidences prove the presence of the gut-brain communication and its importance in altering brain function and behaviour. Capabilities of certain probiotics to regulate different aspects of the gut-brain axis simultaneously provide potential benefits in the management of stress, anxiety, and depressive behaviours. However, the findings are still in the preliminary stages and further studies are warranted to examine the exact mechanisms of action involved. In addition to that, investigations on the specific gut microbes, intestinal structure and function should be carried out to better understand the interactions that take place. Evaluation on the signalling pathways between gut microbiota and the brain in humans are also critical to elucidate whether the gut-brain communication plays a homologous role in modulating stress, mood, and anxiety as reported in rodent models. Advance understanding of the interaction that occurs during the gut-brain communication can provide insight into the development of novel treatment strategies for patient with psychiatric disorders or other diseases.

CONCLUSION

This review has focused on several beneficial properties of probiotics. One of the most known health effects of probiotics is preventing and ameliorating bowel diseases by improving the immune system. Besides that, probiotics are found to exhibit hypocholesterolemic effects via cholesterol assimilation, binding of cholesterol to cellular surface, co-precipitation of cholesterol, interfering with the formation of micelle for intestinal absorption, deconjugation of bile acids by BSH, and improving the lipid profiles. Apart from these conventional beneficial effects, probiotics have been reported to improve atopic eczema, wound and scars healing, and possess skin-rejuvenating properties. It has been suggested that probiotics could exhibit beneficial dermal effects by producing bacterial compounds which evoke certain immune responses and improve skin barrier functions. Probiotics could also be used to prevent and treat oral diseases. They are found to improve/prevent dental caries and periodontal infection via growth inhibition of cariogenic bacteria and periodontopathogens. Additionally, they have been shown to reduce the production of nitric oxide, which subsequently suppresses the prostaglandin and matrix metalloproteinases levels in saliva. Moreover, the unpleasant odour from the oral cavity in halitosis could also be ameliorated by inhibiting the growth of volatile sulphide-producing species. On the other hand, improvement of stress-related psychiatric disorders such as anxiety and depression via modulation of gut-brain axis by probiotics has also further emphasised the importance of probiotics. However, more scientific developments are needed to establish the potential application of probiotics. There is no doubt that the application of probiotics for human health will expand to a greater degree with the current significant research progress.
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Abstrak: Interaksi antara tumbuhan dan serangga adalah dinamik, dan memberikan kebaikan kepada samada tumbuhan ataupun serangga. Bahan kimia tumbuhan adalah terlibat secara mendalam dalam hubungan ini dan mempengaruhi kelakuan serangga. Di sini, kami mengkaji kelakuan tindak balas oviposisi nyamuk Culex quinquefasciatus berdasarkan isyarat warna yang terhasil daripada ekstrak tumbuhan Ipomoea cairica. Dalam kajian ini, dua kumpulan eksperimen untuk pilihan oviposisi telah dijalankan: (1) satu konsentrasi larutan di dalam satu sangkar; dan (2) pelbagai konsentrasi larutan di dalam satu sangkar. Dalam kajian satu konsentrasi larutan, terdapat cuma satu sahaja tempat oviposisi yang disediakan dan ditawarkan kepada lima nyamuk betina gravid. Manakala dalam kajian pelbagai konsentrasi larutan, 4 tempat oviposisi disediakan dan ditawarkan kepada 20 betina gravid. Konsentrasi yang diuji pada 100 mL adalah: (1) kawalan (air suling sahaja); (2) 50 ppm, (3) 150 ppm; dan (4) 300 ppm ekstrak tumbuhan I. cairica. Konsentrasi tertinggi pada 300 ppm menunjukkan intensiti tertinggi dengan warna tergelap diikuti dengan konsentrasi 150 ppm dan 50 ppm. Lebih banyak betina gravid didapati lemas dalam konsentrasi tertinggi iaitu 300 ppm berbanding 150 ppm dan 50 ppm ekstrak yang diuji. Tiada telur dijumpai dalam semua konsentrasi. Ekstrak yang dikaji didapati berkesan untuk menarik nyamuk Cx. quinquefasciatus betina gravid untuk bertelur dan seterusnya menyebabkan kematiannya dan menghalang aktiviti peneluran. Gangguan yang disebabkan oleh ekstrak aseton I. cairica terhadap aktiviti oviposisi Cx. quinquefasciatus akan memberikan kesan kawalan yang lebih baik kepada serangga vektor.
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Abstract: The interaction between plants and insects is dynamic, and may favour either the plant or the insect. Plant chemicals are deeply implicated in this relationship and influence insect behaviour. Here, we investigated the oviposition behaviour response of Culex quinquefasciatus mosquitoes based on the colour cues produced by Ipomoea cairica leaves extract. In this study, two sets of oviposition choice experiments were conducted: (1) single solution in a cage; and (2) multiple concentration solutions in a cage. In the single solution experiment, only 1 available oviposition site was offered to 5 gravid females and in the multiple concentration tests, 4 available oviposition sites were offered to 20 gravid females. The tested concentrations were set up at 100 mL of: (1) control (distilled water only); (2) 50 ppm; (3) 150 ppm; and (4) 300 ppm of I. cairica plant extracts. The highest concentration of 300 ppm appeared to show the highest intensity with the darkest colour followed by 150 ppm and 50 ppm concentrations. More gravid females were found drowned in the highest concentration, 300 ppm of acethonilic leaves extract, compared to 150 ppm and 50 ppm of the tested extract. No eggs were found in all tested solutions. The studied extract was found to effectively attract gravid Cx. quinquefasciatus females and subsequently cause mortality and inhibit egg deposition. The interference caused by the acethonilic extract of I. cairica on the oviposition activity of Cx. quinquefasciatus can result in better control of the vector insect.
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INTRODUCTION

There has been an increased interest in the manipulation of pest behaviour in order to achieve better pest management and reduced dependency on broad spectrum insecticides (Foster & Harris 1997). Using plant resources for deliberate manipulation of pest behaviour can be applied in pest management programs. Plants have coevolved with insects and have produced secondary compounds to deter phytophagous insects. Secondary compounds from plants have been identified to be toxic to arthropod pests. Although the primary function of these compounds is for defence against phytophagous insects, many of them are also effective against mosquitoes and other biting Dipterans (Pichersky & Gershenzon 2002) as repellent, larvicide or adulticide.

Phytochemicals from plants are important mosquito oviposition attractants and stimulants. However, they can also have a negative or deterrent effect on oviposition (Bentley & Day 1989). According to Waliwitiya et al. (2009), the phytochemicals tested, thymol, pulegone, citronellal and eugenol, showed strong repellent/deterrent activity, whereas β-pinene, borneol acetate, borneol, and camphor acted as strong oviposition attractants. The leaf extract of Solanum trilobatum at 0.1% concentration greatly reduced the number of eggs deposited by gravid Anopheles stephensi by 90%–99% (Rajkumar & Jebanesan 2005). The essential oil of Cinnamomum zeylanicum was found to have oviposition-deterrent potential against An. stephensi, Aedes aegypti, and Culex quinquefasciatus (Prajapati et al. 2005). Rajkumar and Jebanesan (2009) have reported on the oviposition deterrence effects of ethanolic leaf extract of Cassia obtusifolia.

Various other cues are also involved in mediating a wide range of mosquito behaviours, which includes the recognition of specific features of the oviposition sites (Mboera et al. 2000). The location and selection of an oviposition site involves visual, olfactory, and tactile responses. The ovipositional flight is triggered by environmental factors, especially rainfall, relative humidity, temperature, and wind speed (Bentley & Day 1989). Oviposition sites selection by gravid female mosquito is very important to determine the resources available for the aquatic immature stages to develop into adulthood. The selection of an appropriate oviposition site is particularly important in mosquito species, since the juveniles are unable to move to a better habitat if the condition becomes unfavourable (Spencer et al. 2002). It is essential throughout the ontogeny of all mosquito species for continuous offspring survival in specific locations.

Multiple researches had been conducted concerning mosquito ovipositional behaviour caused by different possible stimuli. Based on a study done by Chadee et al. (1990), it was reported that Ae. aegypti mosquitoes avoided sites containing eggs laid by themselves or by conspecifics. Bacteria present in the organic-rich water were found to produce chemicals that are highly attractive to gravid mosquitoes (Reiter et al. 1991; Copeland & Craig 1992; Allan & Kline 1995). The presence of predatory tadpole shrimp (Triops) deterred oviposition by the mosquito Cx. quinquefasciatus due to the physical disturbance created by predator movement (Tietze & Mulla 1991). The chemicals released from discarded cigarette butt microcosms tended to cause more egg deposition by Aedes albopictus females as decomposition progressed but somehow killed the newly hatched larvae in the oviposition site (Dieng et al. 2011). Gravid Cx. quinquefasciatus females were found to locate suitable oviposition sites by odour orientation associated with high organic content and lay their eggs in clusters, called egg rafts, on the water surface (McCall & Eaton 2001). Their preference for moderately aerated, polluted water which is rich in decaying organic matter for oviposition sites have made Cx. quinquefasciatus a dangerous vector because these sites are usually prevalent near human habitation (Blackwell et al. 1993).

Ipomoea L. from the family Convolvulaceae, chosen for this study, comprises of about 650 species and is distributed all over the world (Austin & Hua´man 1996; Mabberley 2008). Ipomoea (commonly known as “morning glory”) is a cosmopolitan climbing genus from warm and pan tropical regions. Its members have large showy trumpet shaped flowers in different colours mainly white, purple, blue, pink, and red (Cronquist 1981). Ipomoea cairica is commonly known as the “railway creeper”, and being ornamental in nature it is widely used in fencing in domestic and peri-domestic situations (Thomas et al. 2004). I. cairica reproduces easily through both sexual and asexual propagation (Liu et al. 2006). This plant is known for its medicinal properties, in which a drink made from the plant’s crushed leaves is used for the treatment of body rashes, especially those accompanied by fever (Watt & Brandwijik 1962). Topical repellent effects of the essential oil extracted by steam distillation from the leaves of I. cairica were evaluated and found to be highly toxic to the larvae of Culex tritaeniorhynchus followed by Ae. aegypti, An. stephensi, and Cx. quinquefasciatus (Thomas et al. 2004; Rajkumar & Jebanesan 2007).

In the current study, we tested the effects of acethonilic extract of I. cairica leaves on the oviposition behaviour response of the urban vector for bancroftian filariasis, Cx. quinquefasciatus gravid female mosquitoes. We hypothesised that the highly concentrated plant extract solution will attract more Cx. quinquefasciatus gravid female to oviposit their eggs and also cause mortality to the gravid females. We also examined the interactive component of reception visual stimuli caused by the I. cairica plant that may become an attractant to Cx. quinquefasciatus gravid females in choosing an oviposition site.

MATERIALS AND METHODS

Mosquito Colonies

Wild strain Cx. quinquefasciatus larvae were collected from drains containing stagnant water in Bagan Dalam area, Pulau Pinang, Malaysia (5°24′00″N, 100°23′00″E). Collected larvae were reared in enamel trays containing dechlorinated tap water and fed with fine powder mixture consisting of dog biscuit, beef liver, yeast, and milk powder at a ratio of 2:1:1:1 by weight. The pupae were transferred into plastic containers and placed in screened cages (23 × 23 × 32 cm) to allow emergence of adults. Adult mosquitoes were continuously provided with 10% sucrose solution in a vial with a cotton wick. On day 5 after adult emergence, females were allowed to feed overnight on a restrained laboratory mouse. Three days after blood feeding, gravid females from these colonies were used as subjects in oviposition assay experiments. The mosquito colonies were maintained under laboratory condition at a temperature of 28±2°C and 80±10% relative humidity (RH).

Preparation of Plant Extracts

Samples of I. cairica leaves were collected from a residential area in Relau, Pulau Pinang, Malaysia (5°25′00″N, 100°19′00″E) and were identified by the Botanical Department of Universiti Sains Malaysia. A crude extract was made by grinding the air dried leaves using electrical stainless steel blender and extracted with acetone using the Soxhlet apparatus. Extracts were then removed of the excess solvent using the rotary vacuum evaporator. The solvent from the concentrated crude extract was further removed by placing the extract in an electrical oven at 37ºC for a week. Stock solution was prepared by dissolving 1 g of crude extract in 100 mL of solvent and subsequently test concentrations of 50 ppm, 150 ppm, and 300 ppm were prepared using the serial dilution technique.

Colour Cues Experiment

To investigate the colour cues from the plant extract, we used spectrographic analysis. We prepared different concentrations of the tested plant extract solution comprising of 50, 150, and 300 ppm, and compared with the control (distilled water) as reference in order to test the reflectance properties of I. cairica colour solutions. By using a USB Ocean Optics 2000 spectroradiometer (Ocean Optics Inc., Dunedin, USA) and Xenon Pulse X2 lamp (Ocean Optics Inc., Dunedin, USA) as the light source, we compared the plant colour solution based on the reflectance and whether this affected the choice of oviposition site by Cx. quinquefasciatus gravid females. The fibre optics probe was mounted inside a matte black plastic tube to exclude ambient light. The distance between each object and the probe was fixed at 1 cm. The angle of illumination and reflection was fixed at 45° to minimise glare. Spectra were calculated at 5 nm intervals from 300 to 700 nm with the SpectraSuite software (Ocean Optics Inc., Dunedin, USA).

Oviposition Experiments

In this study, two different sets of oviposition choice experiments were conducted: (1) single solution in a cage; and (2) multiple concentration solutions in one cage. Single and multiple concentrations of acetone extract of I. cairica leaves were assessed for their effects on the selection of oviposition site by Cx. quinquefasciatus gravid females. Both experiments were designed in order to understand the possible effects caused by the acethonilic extract of I. cairica leaves on oviposition site selection by gravid Cx. quinquefasciatus females. Tests were carried out under laboratory conditions at 28±2°C and 80±10% RH.

In the single concentration solution experiment, five gravid females were transferred each to a separate screened mosquito cage (23 × 23 × 32 cm). Each cage was offered with only one available oviposition site and was ran separately. Ceramic bowls were used as the oviposition site. Each oviposition site consisted 100 mL of: (1) control (distilled water without any plant extract solution); (2) 50 ppm; (3) 150 ppm; or (4) 300 ppm of I. cairica plant extract. Three replicates for each concentration were conducted simultaneously. The cages containing different test concentrations were placed side by side with 0.5 m distance between each other. Data of drowned gravid female were recorded.

In the multiple concentration solutions test, 20 gravid females were transferred into a screened cage and 4 ceramic bowls with 100 mL of: (1) control (distilled water only); (2) 50 ppm; (3) 150 ppm; and (4) 300 ppm of I. cairica plant extracts were placed in the same cage. Bowls were positioned in a square shape and the position of the bowls was alternated between the different replicates to nullify any bias for site preferences. The experiment was replicated three times. The analysis for measuring the oviposition response in this experiment was based on the number of drowned females rather than egg rafts. This is because no eggs rafts were laid by Cx. quinquefasciatus mosquitoes in all treatments.

Statistical Analysis

Analysis of variance (ANOVA) was conducted separately using SPSS program version 20.0 (IBM Computing, Illinois, USA) for the number of drowned females in single and multiple concentration tests to determine significant differences of the extract solution concentration. Data were tested for normality using Kolmogorov-Smirnov test prior to analysis. Results with p<0.05 were considered to be statistically significant. The effects of visual stimuli on Cx. quinquefasciatus in choosing the oviposition site were represented by the mean number of gravid Cx. quinquefasciatus drowned in the given oviposition site.

RESULTS

Spectrographic results showed that the acethonilic extracts of I. cairica leaves at different concentrations have reflectance intensity peaking around 500–600 nm. The spectral curve corresponds to the colour of the extract, which is yellowish green. Highest intensity counts were given by the tested extract at 300 ppm concentration followed by 150 ppm and 50 ppm (Fig. 1). The reflectance curves given by the plant extract at the tested concentrations clearly showed difference in the colour intensity level of the plant extract. The highest concentration, 300 ppm, of the studied plant extract appeared to show the highest intensity with a darker colour followed by 150 ppm and 50 ppm concentrations.
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Figure  1: Reflectance spectra of I. cairica plant extract at different concentrations of 50, 150, and 300 ppm.



High numbers of gravid Cx. quinquefasciatus females were found in the oviposition site with a highly concentrated and dark coloured plant extract solution, for both single and multiple concentration solutions tests (Fig. 2). In multiple concentration solutions tests, gravid females were shown to be attracted to oviposit in the plant extract solution, causing death to the females. Similar conditions occurred even when only one solution was made available. No eggs were found in the tested solutions except in the control.
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Figure  2: Effects of visual stimuli on oviposition site selection by Cx. quinquefasciatus gravid females.



A greater number of gravid females were found significantly drowned in the oviposition site with the highest concentration, 300 ppm, of the tested extract for single solution (df = 3, F = 12.571, p<0.05; Table 1) and multiple solutions (df = 3, F = 88.242, p<0.05; Table 1) compared to the lower concentrations. Drowned gravid females were found even at the lowest concentration but at a reduced proportion. No drowned gravid females were observed in the control solution (Table 1). The acethonilic extract of I. cairica leaves were found to inhibit egg deposition as no egg rafts were found laid in the treated oviposition sites.

Table 1: Effects of different concentrations of acethonilic extract of I. cairica leaves extract on gravid Cx. quinquefasciatus females’ mortality in single and multiple solutions tests.



	Treatment
	Mean no. of drowned gravid females





	Control

	50 ppm


	150 ppm


	300 ppm





	Single
	0.00±0.00a


	1.00±0.58ab


	2.00±0.58bc


	3.67±0.33c





	Multiple
	0.00±0.00a


	0.67±0.33a


	4.00±0.58b


	11.33±0.88c






Note: *At the horizontal line, the mean value followed by different letters are significantly different (Tukey test, p>0.05).

DISCUSSION

Our study revealed that gravid Cx. quinquefasciatus females were attracted to the oviposition sites with high intensity and darker colour of I. cairica plant extract compared to control (distilled water). However, no eggs were found in any of the plant extract solutions. Interestingly, more Cx. quinquefascitaus gravid females were found dead due to drowning in the highest concentration of I. cairica plant extract (300 ppm). The 300 ppm concentration had the darkest colour and the highest intensity among all treatments. The colour of the water or water clarity is an important factor influencing the oviposition behaviour of female mosquitoes (Li et al. 2009). The reflection colour (Barbosa et al. 2007) caused by the container can also attract mosquitoes to oviposit. Li et al. (2009) found that Culex pipiens pallens females laid significantly more eggs in dark blue water (50 mg/L of methylene blue solution, or 50 mg/L and 200 mg/L of brilliant blue solution) than in distilled water. Anopheles quadramaculatus also oviposited preferentially in oviposition waters that appeared darker than controls in a laboratory experiment (Lund 1942). Black and red were the most preferred colours for oviposition of Cx. annulirostris and Cx. molestus, respectively, whereas, yellow and green were the least preferred colours for both species under laboratory condition (Dhileepan 1997). Oviposition waters dyed with ink were detected to be significantly attractive to ovipositing Cx. quinquefasciatus when compared to distilled water controls in a laboratory evaluation. The study also suggested that dark colours attract more gravid Cx. quinquefasciatus because females respond to the increased optical density of the dyed water rather than to the volatile components of the dye (Beehler et al. 1993).

The reflected colour of yellowish green at 500–600 nm of the acethonilic extract of I. cairica leaves may have been detected effectively by Cx. quinquefasciatus gravid females. Based on a previous study, electroretinographs revealed spectral sensitivity of the eye of the female Ae. aegypti ranging from ultraviolet (323 nm) to orange-red (621 nm), with sensitivity peaks in the ultraviolet (323−345 nm) and green (523 nm) wavelengths. It was also reported that the eye of the female Ae. aegypti had relatively poor acuity and is capable of some wavelength discrimination but has high overall sensitivity to light (Muir et al. 1992). Since Ae. aegypti and Cx. quinquefasciatus are from the same subfamily (Culicinae) there could be a similarity in the eye sensitivity peak. We proposed that the yellowish green colour of the tested extract can be effectively detected by Cx. quinquefasciatus gravid females. We however acknowledge that further comparative studies needs to be conducted, for example by comparing the extract concentration against the dyed concentration. We believe that our preliminary result is sufficient to suggest such colour specific preference for oviposition by Cx. quinquefasciatus.

Additionally, the organic content of the plant extract solution might have also attracted Cx. quinquefasciatus gravid females to oviposit. Previous studies have reported that high organic content in surveillance traps attracted more gravid female mosquitoes. Ovitraps baited with grass infusions, Panicum maximum (Jacq.) evaluated in the field were reported to collect significantly more Aedes eggs than controls containing tap water (Santana et al. 2006). Bermuda grass (Cynodon dactylon), oak leaf (Quercus virginiana), acacia leaf (Acacia schaffneri), and algae (Spirogyra sp.) infusions were found to be effective in collecting Cx.quinquefasciatus, Culex nigripalpus, and Culex erraticus (McPhatter & Debboun 2009), whereas, bioassays with Spirogyra majuscula organic extracts indicated that these extracts attracted more Anopheles pseudopunctipennis gravid females under laboratory conditions (Torres-Estrada et al. 2007).

Even though the acethonilic extract of I. cairica leaves attracted more gravid females, no eggs rafts were laid in the treated oviposition site. The tested plant extract solution caused mortality of the gravid Cx. quinquefasciatus females used in our study, thus inhibiting the oviposition activity. The different concentrations of the studied plant extract may have reduced the water surface tension to a certain extent, which prevented proper landing and egg deposition by gravid females. Similar observations were found in a study by Kassir et al. (1989) on limonene, a major constituent of citrus essential oil isolated from abraded fresh peels of bitter orange Citrus aurantium L. against Cx. quinquefasciatus under laboratory conditions. Limonene was reported to demonstrate interference with oviposition as indicated by the zero egg rafts deposited in 1 and 50 ppm concentrations compared with control water. All of the adults which were used in the oviposition experiments in the study died after drowning within 2 weeks. Inspection of the water surface tension (by ring method) revealed that the tension was reduced in limonene-treated water compared to control water.

The toxicity of the acethonilic I. cairica leaves extract may also be a possible factor for the mortality of gravid Cx. quinquefasciatus females during alighting in the treated oviposition site. Pre-oviposition drinking by Culex mosquitoes has been reported by Weber and Tipping (1993). It has been found that since drinking occurs before oviposition began, contact chemoreceptors on the mouthparts could be involved in the final stages of ovisite acceptance. Time spent for drinking exceeded that necessary for mere tasting, and drinking may also serve to distend the abdomen and assist in movement of eggs through the oviduct (Weber & Tipping 1990). Therefore, there is a possibility that this behaviour may have caused poisonous interference in biochemical and physiological functions of the gravid female mosquitoes in the current study due to the active compounds in the tested plant extract solution. The physiological constraints during oviposition might have caused less resource for egg deposition and eventually led gravid Cx. quinquefasciatus females to death.

The ability of the acethonilic extract of I. cairica leaves to attract and kill gravid Cx. quinquefasciatus female mosquitoes can be a very useful tool in mosquito control programs and hopefully this study can assist in further analysis on the interference caused by the tested plant extract on the oviposition activity of Cx. quinquefasciatus mosquitoes.

On whole, the acethonilic extract of I. cairica leaves were found to effectively attract gravid Cx. quinquefasciatus females and subsequently cause mortality of the gravid females, inhibiting egg deposition. The difference in colour intensity also influences the oviposition site selection by the gravid females, whereby oviposition sites with tested plant extract of a darker colour intensity attracted more gravid females. However, conclusion from this study was deduced from relatively short-run laboratory experiments; thus longer and detailed studies as well as field evaluations are required. Isolation and identification of specific phytochemicals responsible as oviposition attractants, and further investigations on the factors causing the mortality of the gravid females are required for better understanding of I. cairica plant extract interference in the oviposition activity.
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Abstrak: Lima rekod baru spesies anggerik tanah dan litofitik telah diperoleh dari Bukit Bendera, Pulau Pinang, Malaysia iaitu Bulbophyllum depressum, Goodyera pusilla, Peristylus monticola, Podochilus microphyllus, dan Zeuxine gracilis. Satu senarai semak untuk setiap spesies dan taburannya di Bukit Bendera dibincangkan.

Kata kunci: Orchidaceae, Rekod Baru, Litofitik, Bukit Bendera

Abstract: Five new records of terrestrial and lithophytic orchid species were gathered from Penang Hill, Pulau Pinang, Malaysia namely Bulbophyllum depressum, Goodyera pusilla, Peristylus monticola, Podochilus microphyllus, and Zeuxine gracilis. Checklist of each species is provided and their distribution in Penang Hill is discussed.

Keywords: Orchidaceae, New Records, Lithophytic, Penang Hill

INTRODUCTION

Botanical surveys in Pulau Pinang have started since colonial time the 1790s, thus assessment on the diversity of orchids in Penang Hill is not a new topic. Two prominent studies on the orchid flora of Penang Hill had been done previously by Curtis in 1894 and later after 115 years, Curtis’s account was re-evaluated by Rusea et al. (2011) through a series of comprehensive field assessments in 2004–2008. Their work resulted in a total of 136 species of orchids known to Penang Hill, with 44 species being terrestrial or lithophytic. Our study is a continuation of Curtis’s and Rusea’s works, aimed at investigating and documenting new records of terrestrial and lithophytic orchids in Penang Hill with reference to their current conservation status. Rapid physical development has happened in recent years — converting forest land for recreational purposes worsened by human interventions and the local climate change — and have put the orchids and their habitat under serious threats. For example, the slipper orchids, Paphiopedilum barbatum is no longer common in Penang Hill as compared to many years ago due to human activities and the destruction it had caused (Khor et al. 1991).

MATERIALS AND METHODS

Comprehensive field surveys were carried out in Penang Hill from November– December 2012 and January–March 2013. Nine areas were thoroughly botanised namely the Summit Road, Government Hill, Tiger Hill, Western Hill, Tunnel Road West, Tunnel Road East, Lower Tunnel Road, Viaduct Road, and Jeep Track. Terrestrial and lithophytic orchids were collected along the trails. Dried and spirit herbarium specimens were deposited in the Herbarium of the School of Biological Sciences, Universiti Sains Malaysia (USM) based on techniques described in Bridson and Forman (1989). Living specimens collected without flowers were cultivated in the Flora Garden of the School of Biological Sciences, USM for future identification studies and ex-situ conservation purposes.

RESULTS

Species account of five newly recorded terrestrial and lithophytic orchid species from Penang Hill is discussed below. The colour plates of specimens cited are shown in Figure 1 (a–f).


[image: art]

Figure  1: Five new records of terrestrial and lithophytic orchids from Penang Hill: (a) Bulbophyllum depressum (habit); (b) B. depressum (flower); (c) Goodyera pusilla (habit); (d) Peristylus monticola (flower); (e) Podochilus microphyllus (flower); and (f) Zeuxine gracilis (flower).



Bulbophyllum depressum King & Pantl.

Figure 1(a) (habit) and Figure 1(b) (flower).

PENINSULAR MALAYSIA, PULAU PINANG: Penang Hill, Government Hill, lithophytes, growing on mossy rock boulders in a natural trail at about 700 m, S.Y. Nga (NGA06), 11/12/2012 (USM).

Note: Flowering in May (in cultivation).

Goodyera pusilla Blume

Figure 1(c) (habit).

PENINSULAR MALAYSIA, PULAU PINANG: Penang Hill, Lower Tunnel Road, Government Hill, and Western Hill, terrestrial, creeping on the shady and damp forest floor among leaf litter at 686 m, S.Y. Nga (NGA02), 11/12/2012 (USM).

Peristylus monticola (Ridl.) Seidenf.

Figure 1(d) (flower).

PENINSULAR MALAYSIA, PULAU PINANG: Penang Hill, Western Hill, terrestrial/lithophytes, growing on the hilly slope by the roadside at about 830 m, S.Y. Nga (NGA34), 08/03/2013 (USM).

Podochilus microphyllus Lindl.

Figure 1(e) (flower).

PENINSULAR MALAYSIA, PULAU PINANG: Penang Hill, Tiger Hill, lithophytes, creeping on damp mossy rocks by a stream, S.Y. Nga (NGA24), 08/03/2013 (USM).

Zeuxine gracilis (Breda) Blume

Figure 1(f) (flower).

PENINSULAR MALAYSIA, PULAU PINANG: Penang Hill, Tunnel Road West, terrestrial, growing on open ground among Zeuxine affinis, S.Y. Nga, (NGA18), 06/01/2013 (USM); Penang Hill, Government Hill, Convalescent Bungalow, terrestrial, large populations were observed among Z. affinis and Zeuxine rupestris on a grassy ground shaded by historical conifer stands (Dacrydium sp.), F.A. Nordin (FAN.PH.660), 11/12/2013 (USM); Penang Hill, Government Hill, Mohd Haniff, 1910 (SING).

Note: Flowering from December–January.

DISCUSSION

The discovery of B. depressum (Fig. 1[a] and [b]) in Penang Hill has contributed towards the current knowledge of its occurrence in Peninsular Malaysia. Originally collected from West Sumatra and Bengkulu, B. depressum can be found from East Himalaya to China, Borneo, and Java (Comber 2001; World Checklist of Selected Plant Families [WCSP] 2015). Vermeulen (1991:161) in Seidenfaden and Wood (1992) mentioned the occurrence of B. acutum J.J.Sm. (synonym of B. depressum) in West Malaysia, however there was no information on the locality of the collected specimens. A Borneo entity deposited in the Singapore Herbarium (SING) under collection number SFN27244 was collected by C. E. Carr from Bundu Tuhan, Sabah in 1933. Later Seidenfaden and Wood (1992) reported that they received a collection (collection no.: Thaitong966) of B. depressum from Chumporn, Peninsular Thailand deposited in SING which evidently supported the occurrence of this species in Peninsular Malaysia (SING 2014).

Based on our observation in Penang Hill, B. depressum is only known from one locality in Government Hill and the population size is small. The plants were creeping on a wet rock boulder of the granite slope along a forest track which will soon be opened to public as a recreational trail. Further investigation and documentation of B. depressum is urgently needed, as the relationship of this species and other members of the section Micromonanthe in Peninsular Malaysia has long been of scientific interest.

G. pusilla (Fig. 1[c]) is a rare northern Peninsular Malaysia entity previously known only from Perak and Kedah (Turner 1995). Confined to hills and lower montane forests of about 1000 m, the leaves of G. pusilla are very attractive in dark-purple shades with intense silvery midrib, and are ornamented with reddish netted veins on the surface of the foliage. Due to this uniqueness, G. pusilla is awarded as one of the “jewel orchids”. Unfortunately, it is also threatened by over-collection and habitat loss. During our visit to Penang Hill in December 2012, we observed that the habitat and populations of G. pusilla in the Lower Tunnel Road were exposed to human activities and threatened with destruction. Most of the plants were left only with the stem on the ground as the leaves were spoilt from grass cutting activities.

The same worrying condition was also observed for P. monticola (Fig. 1[d]) in Western Hill, which is the only known locality for P. monticola in Penang Hill. The population was very small with less than 10 individuals within an area of about 10 m². P. monticola grows on open places in hills and montane forests as in Western Hill (highest peak) where they grew on the exposed hilly slope by the roadside and few individuals managed to escape and thrived at the edge of the tarred-road. Our observations indicate that the populations of P. monticola in Gunung Jerai (Kedah) and Gunung Ledang (Johor) were found at higher elevations (1200–1300 m) compared to Penang Hill (830 m) and were more widely distributed.

However, we believe that there are more individuals of P. monticola around as this species has underground tubers that sometimes remain dormant until suitable condition for them to produce new green shoots existed. There is a concern though whereby the slope where the population of P. monticola was found on Western Hill was bare without any ground-covering herbs, which may be wiped off by mudslides during rainy days.

Another interesting discovery is P. microphyllus (Fig. 1[e]) in Tiger Hill. This lithophytic species was found growing densely on rocks covered in mosses by a small creek and its epiphytic form was spotted established nearby on mossy tree trunks. Surprisingly a new record to Penang Hill, this species is common and widespread in other parts of Peninsular Malaysia, distributed from lowlands to hills up to lower montane forests. Based on Curtis (1894), Turner (1995), and Rusea et al. (2011), another species of Podochilus was recorded from Penang Hill, which is P. tenuis. In a glance, both P. microphyllus and P. tenuis look almost similar in vegetative size, habits, flower colour, and shape but the former differs in having elliptic leaves of about 2 mm wide while the latter is narrower (1 mm wide) and the leaves are more closely-arranged. In Gunung Jerai as an example, both species were found growing together in a population of the same habitat, thus the occurrence of P. microphyllus in Penang Hill might have been overlooked before.

As compared to the other four new records mentioned, Z. gracilis is the most widespread species in Penang Hill. They are known from more than three localities, concentrated mainly in Tunnel Road West and Government Hill. A historical collection of Z. gracilis by Mohd Haniff in 1910 (SING) was recorded from Government Hill. Along the tarred-road in Top Station, populations of Z. gracilis can be seen growing on open and semi-shaded areas among grasses and Tainia penangania. Z. gracilis is always being confused with Z. affinis but differs in having a smaller flower size and the presence of a yellow-notch on the lip. Much more information is needed about this particular genus in Peninsular Malaysia as most of the species were still under studied. Only 2 out of 10 Peninsular Malaysia species have been reported from more than one locality (Seidenfaden & Wood 1992). Z. gracilis has only been known from Ulu Tembeling in Pahang, however our field observation records showed that this species was also found in Gunung Ledang and Gunung Jerai at about 900–1200 m asl. The Convalescent Bungalow area in Government Hill was found to be a “nursery” for Z. gracilis, Z. affinis, and Z. rupestris. A small grassy patch of about 25 m² was covered with populations of this three Zeuxine species. We propose that this particular area be conserved and protected from any human or physical disturbances as Z. rupestris is a rare species, collected only once in 1892 and is endemic to Penang Hill (Ridley 1907; Ridley & Hutchinson 1924; Holttum 1964; Seidenfaden & Wood 1992; Turner 1995; SING 2014; KEW 2014).

Up to date, none of the species have been assessed and assigned with current conservation status from The International Union for Conservation of Nature (IUCN) Red List of Threatened Species (IUCN 2015). Terrestrial and lithophytic species are very fragile as compared to their epiphytic sisters. Once their habitats are disturbed, the chances for the population to survive are very minimal. Relying on specific soil mycorrhiza for food at their early stage of development, any changes to their surrounding microhabitat might lead to local extinction. In situ conservation is highly recommended in order to protect their habitat and population in Penang Hill as they were obviously threatened with physical developments, human interventions, and climate change.

CONCLUSION

This finding has contributed towards the current knowledge on terrestrial and lithophytic orchids in Penang Hill. To date, a total of 49 species of terrestrial and lithopythic orchids are known to Penang Hill. The discovery of B. depressum has provided new information on its occurrence in Peninsular Malaysia, thus making it a new record for both Peninsular Malaysia and Penang Hill. Except for Z. gracilis, the other four species, B. depressum, G. pusilla, P. monticola, and P. microphyllus, were only known from less than three localities in Penang Hill with a small population size.

ACKNOWLEDGEMENT

We would like to express our sincere thanks to Mr. Sahul Hamid of the Herbarium of Penang Botanic Gardens, Dr. Yong Kien Thai of the Herbarium of University of Malaya (KLU), Dr. Richard Chung Cheng Kong of the Herbarium of Forest Research Institute of Malaysia (KEP), and curator of the Herbarium of National Taiwan University (TAI) for the assistance given during visits to the herbaria. Special thanks to Assoc. Prof. Dr. Rusea Go from Universiti Putra Malaysia for her help in identifying some of the orchid specimens. Greatest gratitude goes to Mr. Khairul Nasirudin bin Abu Mangsor, Nur Asyikin Zainuddin, Nur ‘Atiqah Khalil, and Mohd Faisal Fahmi Jamil Jafri for their time and assistance in the field. Lastly, we acknowledge technical assistance and logistic matters provided by the School of Biological Sciences, Universiti Sains Malaysia.

REFERENCES

Bridson D and Forman L. (1989). The herbarium handbook. Royal Botanic Gardens, Kew, England: Lubrecht and Cramer Ltd.

Comber J B. (2001). Orchids of Sumatra. Kew, England: Royal Botanic Gardens.

Curtis C. (1894). A catalogue of the flowering plants and ferns found growing wild in the Island of Penang. Journal of Strait British Royal Asiatic Societies 25: 67–173.

Holttum R E. (1964). A revised flora of Malaya: Orchids of Malaya, vol. 1, 3rd ed. Singapore: Government Printing Office.

International Union for Conservation of Nature (IUCN). (2015). International Union for Conservation of Nature. www.iucn.org. (accessed on 23 January 2015).

Khor K P, Kam S P, Chik A, Raman M and Leong Y K. (1991). Penang Hill: The need to save our natural heritage. Pulau Pinang, Malaysia: Friends of Penang Hill.

Ridley H N. (1907). Materials for a flora of the Malayan Peninsula. Singapore: Methodist Publishing House, 217–219. doi.org/10.5962/bhl.title.19701

Ridley H N and Hutchinson J. (1924). The flora of the Malay Peninsula, vol. 4. Amsterdam: A. Asher and Co. and London: L. Reeve and Co., 216–218.

KEW. (2014). Royal Botanic Gardens Kew online herbarium. www.kew.org (accessed on 27 September 2014).

Rusea G, Khor H E, Muskhazli M, Janna O A, Ahmad A N, Nam S L, Chang S L, Sang M E, Park K W and Kyung C. (2011). An assessment of orchids’ diversity in Penang Hill, Penang, Malaysia after 115 years. Biodiversity and Conservation 20(10): 2263–2272. doi.org/10.1007/s10531-011-0087-z

Seidenfaden G and Wood J J. (1992). The orchids of Peninsular Malaysia and Singapore, a revision of R. E. Holttum: Orchids of Malaya. Fredensborg, Denmark: Olsen and Olsen.

SING. (2014). Singapore Botanic Gardens online herbarium. www.sbg.org.sg (accessed on 8 October 2014).

Turner I M. (1995). A catalogue of the vascular plants of Malaya. The Garden’s Bulletin Singapore 47 (1): 559–620.

World Checklist of Selected Plant Families (WCSP). (2015). World checklist of selected plant families: Royal Botanic Gardens, Kew. http://apps.kew.org/wcsp (accessed on 20 September 2014).





Dietary Prebiotics and Probiotics Influence the Growth Performance, Feed Utilisation, and Body Indices of Snakehead (Channa striata) Fingerlings

1Mohammad Bodrul Munir*, 1,3Roshada Hashim, 4Mohammad Suhaimee Abdul Manaf and 1,2Siti Azizah Mohd Nor

1School of Biological Sciences, Universiti Sains Malaysia, 11800 USM, Pulau Pinang, Malaysia

2Centre for Marine and Coastal Studies (CEMACS), Universiti Sains Malaysia, 11800 USM, Pulau Pinang, Malaysia

3Faculty of Science, Universiti Sains Islam Malaysia, Bandar Baru Nilai, 71800 Nilai, Negeri Sembilan, Malaysia

4Fisheries Research Institute (FRI), Pulau Sayak, 08500 Kota Kuala Muda, Kedah, Malaysia

*Corresponding author: hsjewel730@yahoo.com

© Penerbit Universiti Sains Malaysia, 2016


Published date: 17 August 2016

To cite this article: Mohammad Bodrul Munir, Roshada Hashim, Mohammad Suhaimee Abdul Manaf and Siti Azizah Mohd Nor. (2016). Dietary prebiotics and probiotics influence the growth performance, feed utilisation, and body indices of snakehead (Channa striata) fingerlings. Tropical Life Sciences Research 27(2): 111–125. doi: 10.21315/tlsr 2016.27.2.9

To link to this article: http://dx.doi.org/10.21315/tlsr2016.27.2.9



Abstrak: Kajian ini menggunakan dua fasa percubaan pemakanan untuk menentukan pengaruh prebiotik dan probiotik yang terpilih ke atas pertumbuhan, pengambilan makanan, dan perubahan morfologi ke atas anak ikan haruan (Channa striata) dan juga kesan yang dialami dalam tempoh kajian tanpa penggunaan diet tambahan. Tiga kumpulan ikan (22.46 ± 0.17 g) dibesarkan menggunakan enam diet yang berbeza: tiga prebiotik (0.2% β-glucan, 1% galakto-oligosakarida [GOS], dan 0.5% mannanoligosakarida [MOS]), dua probiotik (1% yis hidup [Saccharomyces cerevisiae] dan 0.01% serbuk Lactobacillus acidophilus [LBA]) dan satu diet kawalan (tanpa makanan tambahan); setiap rawatan dilakukan sebanyak tiga kali. Semua diet mengandungi 40% protein mentah dan 12% lipid mentah. Ikan-ikan ini diberi makan sebanyak tiga kali sehari. Tiada kematian ikan direkodkan semasa Fasa 1 dijalankan. Walau bagaimanapun, 14% kematian telah direkodkan semasa Fasa 2 untuk ikan-ikan prebiotik dan kawalan. Pada akhir Fasa 1, prestasi pertumbuhan dan penggunaan makanan adalah lebih tinggi (p<0.05) dalam ikan yang dirawat menggunakan LBA, diikuti oleh yis hidup, berbanding dengan diet yang lain. Pertumbuhan ikan dalam tiga diet prebiotik tidak jauh berbeza antara satu sama lain tetapi pertumbuhan ikan yang menggunakan diet kawalan sangat tinggi. Dalam Fasa 2 (fasa pemberian makanan), pertumbuhan ikan berterusan sehingga minggu ke-6 untuk diet berasaskan probiotik tetapi mendatar selepas empat minggu untuk ikan yang diberi makan diet prebiotik. Nisbah penukaran makanan (FCR) adalah lebih tinggi terhadap semua rawatan semasa tempoh memberi makan. Indeks hepatosomatik (HSI) tidak berbeza dengan ketara terhadap diet yang diuji. Indeks visceral somatik (VSI) dan intraperitoneal lemak (IPF) adalah paling tinggi dalam diet yang menggunakan LBA dan diet kawalan, masing-masing. Indeks badan berbeza secara ketara (p<0.05) di antara Fasa 1 dan 2. Kajian ini menunjukkan bahawa diet berasaskan probiotik mempunyai pengaruh yang positif ke atas pertumbuhan, pengambilan makanan, dan kelangsungan hidup terhadap C. striata berbanding penggunaan diet makanan yang menggunakan prebiotik.

Kata kunci: Prebiotik, Probiotik, Prestasi Pertumbuhan, Ikan Haruan (Channa striata)

Abstract: This study used a two-phase feeding trial to determine the influence of selected dietary prebiotics and probiotics on growth performance, feed utilisation, and morphological changes in snakehead (Channa striata) fingerlings as well as the duration of these effects over a post-experimental period without supplementation. Triplicate groups of fish (22.46 ± 0.17 g) were raised on six different treatment diets: three prebiotics (0.2% β-glucan, 1% galacto-oligosaccharides [GOS], 0.5% mannan-oligosaccharides [MOS]), two probiotics (1% live yeast [Saccharomyces cerevisiae] and 0.01% Lactobacillus acidophilus [LBA] powder) and a control (unsupplemented) diet; there were three replicates for each treatment. All diets contained 40% crude protein and 12% crude lipid. Fish were fed to satiation three times daily. No mortalities were recorded during Phase 1; however, 14% mortality was documented in the control and prebiotic-amended fish during Phase 2. At the end of Phase 1, growth performance and feed utilisation were significantly higher (p<0.05) in the LBA-treated fish, followed by live yeast treatment, compared with all other diets tested. The performance of fish on the three prebiotic diets were not significantly different from one another but was significantly higher than the control diet. During Phase 2 (the post-feeding phase), fish growth continued until the 6th week for the probiotic-based diets but levelled off after four weeks for the fish fed the prebiotic diets. The feed conversion ratio (FCR) was higher in all treatments during the post-feeding period. The hepatosomatic index (HSI) did not differ significantly among the tested diets. The visceral somatic index (VSI) and intraperitoneal fat (IPF) were highest in the LBA-based diet and the control diet, respectively. The body indices were significantly different (p<0.05) between Phases 1 and 2. This study demonstrates that probiotic-based diets have a more positive influence on the growth, feed utilisation, and survival of C. striata fingerlings compared with supplementation with prebiotics.

Keywords: Prebiotics, Probiotics, Growth Performance, Snakehead (Channa striata)

INTRODUCTION

The striped snakehead, Channa striata (Bloch 1793), is a carnivorous freshwater fish that is widely distributed in Asia. It is a valuable food fish (Wee 1982) that contains high levels of protein (Annasari et al. 2012), high quality flesh, low fat, and fewer intermuscular bones as well as medicinal qualities (Haniffa & Marimuthu 2004); in particular, products such as fins and scales are a good source of albumin and are traditionally used to treat injuries and burns. Therefore, snakehead aquaculture has recently gained more attention and the production yield has increased from 16 tons in 1998–2000 to 42 tons in 2010–2012 (FAO 2012).

The continuing goal of new world aquaculture (FAO 2014) is to maximise the efficacy and optimise the profitability of fish production. As a result, global aquaculture is becoming more intensified. This may lead to increased fish yields and per capita fish production; however, it is also directly leading to a deterioration in water quality resulting in outbreaks of fish diseases (Bondad et al. 2005). Farmers usually control fish diseases by using antibiotics as feed supplements. The excessive use of antibiotics results in the development of antimicrobial-resistant pathogens, inhibits or kills the beneficial microbiota in the gastrointestinal (GI) system, and produces antibiotic residues in the fish body that are accumulated in fish products and may be harmful for human consumption (FAO 2005). The European Union banned the import of fish fed with antibiotic supplements in 2006. Subsequently, aquaculture scientists began to explore new strategies to replace the antibiotics used in the feeding and health management of fish in aquaculture (Balcâzar et al. 2006). These researchers have evaluated new dietary supplements (Diana 1997; Abdelghany & Ahmed 2002) such as dietary prebiotics, probiotics, symbiotics, phytobiotics, and other functional dietary supplements (Denev 2008).

The present study was conducted with a similar objective: to determine the influence of selective single doses of dietary prebiotics and probiotics on growth performance, feed utilisation, and body indices of C. striata fingerlings and the duration of these effects over a period of post-experimental feeding without supplementation. In general, dietary prebiotics are an undigested feed ingredient (Gibsen & Roberfroid 1995) that benefits fish by selectively stimulating growth (Grisdale-Helland et al. 2008; Talpur et al. 2014), whereas probiotics are live bacteria, cyanobacteria, microalgae, fungi, etc. (Fuller 1989) having beneficial effects on host growth by improving the intestinal balance of microbes (Al-Dohail et al. 2009; Dhanaraj et al. 2010).

MATERIALS AND METHOD

Experimental Animals and Husbandry Conditions

The study was conducted at the Aquaculture Research Complex of Universiti Sains Malaysia (USM), Pulau Pinang, Malaysia. This was a preliminary indoor study to determine the long term effect of dietary prebiotic and probiotic feed supplements on snakehead fingerling growth and health status. This paper evaluates only the effect of dietary prebiotics and probiotics on snakehead fingerling growth status. The study was conducted in two immediately consecutive phases. The first phase comprised 16 weeks, and the second phase comprised the subsequent 8 weeks for a total of 24 continuous weeks from the start of the experiment.

A total of 360 snakehead fry (3–4 in) were purchased from a local fish farm, reared for 4 weeks in two outdoor cement tanks (2 × 1 × 0.5 m) on a diet of commercial sea bass pellets containing 43% crude protein and 6% crude lipid, to acclimate the fish to the environment and reduce mortality. Water temperature and pH were recorded twice per day. The survival rate was approximately 80.5%. After 4 weeks, a total of 180 individual snakehead (C. striata) fingerlings (avg. wt. 22.46 ± 0.17 g) were raised on experimental diets (10 fish/tank and 3 tanks for each feeding trial plus a control) in 18 round plastic tanks (200 L).

Experimental Diets

In this study, five experimental diets along with a control (six diets total) were prepared at Fisheries Research Institute (FRI), Pulau Sayak, Kedah, and transported to the USM Aquaculture Complex in airtight polyethylene bags. The diets were maintained at –20°C. The five supplemented diets included three prebiotics (0.2% β-glucan [Macrogard® Louisville, KY, USA], 1% galacto-oligosaccharides [Vivinal® GOS syrup, Friesland Campina Domo, The Netherlands], 0.5% mannan-oligosaccharides [Alltech®, Actigen 1, USA]) and two probiotics (1% live yeast [Saccharomyces cerevisiae, Alltech®, Yea-Sacc 1026, USA] and 0.01% Lactobacillus acidophilus [LBA] powder [Sigma® LBA– 108 CFU]).

The control diet contained no feed supplements. All the prepared diets contained 40% crude protein and 12% crude lipid. The feed ingredients and proximate composition of the diets (Table 1) were analysed using the Association of Official Analytical Chemists (AOAC) methodologies (AOAC 1997).

Feeding Trial

Only one feeding trial was conducted consisting of two phases. The first phase comprised 16 weeks with dietary prebiotics or probiotics followed by another 8 weeks of the control diet during the second phase. Three replicate groups of fish were raised on treatment diets along with the control in 18 indoor tanks (200 L capacity) and were fed to satiation three times daily. Water temperature and pH were measured twice daily (early morning and late afternoon); although these two parameters did not change significantly (because of the indoor, closed, non-circulating, continuously aerated water environment), it was important to document the cleanliness of the aquaculture tank.

Growth Performance

Fish weights were taken every two weeks during Phase 1 beginning at the 4th week of the feeding treatments and weekly during Phase 2. Each feeding treatment had 3 replicates and each replicate contained 10 C. striata fingerlings. Prior to weighing each fish, the water in each tank was lowered gradually and the fish were then collected using a soft scoop net and were temporarily held in another covered container. Each fish was individually removed with a small soft towel, dried using tissues, and the weight and length were recorded; fish were subsequently released to their respective tanks, which were filled with clean new water. To analyse growth performance, the conditional factor (CF), relative growth (RG), specific growth rate (SGR), and survival rate (SR) were determined using the formulae described by Austreng (1978), Busacker et al. (1990), and Ahmad et al. (2002). Moreover, the protein efficiency rate (PER) and food conversion ratio (FCR) were calculated to measure the growth efficiency of the test feeds using the following formulae (Abdel Tawwab et al. 2008; United States Agency for International Development [USAID] 2011):


CF (%): (Final weight [g] / L3 [cm]) × 100

RG (%): (Final weight – initial weight) / Initial weight) × 100

SGR (%): (Final weight – initial weight / Nos. of days) × 100

SR (%): (Final number of fish / Initial number of fish) × 100

PER: Final weight-initial weight / Protein intake

FCR: Total feed consumption / Weight gain of fish



Table 1: Feed ingredients and proximate composition of the formulated diet (g/kg, dry matter).
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Notes: aDanish fish meal (kg–1) = crude protein 746.6 g and crude lipid 101.6 g; bCMC = carboxymethyl cellulose; c Vitamin mix (kg–1) = Rovimix 6288 (Roche Vitamins Ltd., Switzerland: Vit A 50 million IU, Vit D 310 million IU, Vit E 130 g, Vit B1 10 g, Vit B2 25 g, Vit B6 16 g, Vit B12 100 mg, biotin 500 mg, pantothenic acid 56 g, folic acid 8 g, niacin 200 g, anticake 20 g, antioxident 200 mg, Vit K3 10 g and Vit C 35 g); dVitamin mix (kg–1) = calcium phosphate (monobasic) 397.65 g, calcium lactate 327 g, ferrous sulphate 25 g, magnesium sulphate 137 g, potassium chloride 50 g, sodium chloride 60 gm, potassium iodide 150 mg, copper sulphate 780 mg, manganese oxide 800 mg, cobalt carbonate 100 mg, zinc oxide 1.5 g and sodium selenite 20 g; eNFE = nitrogen free extract (1000-{moisture+protein+lipid+ash+fibre}); fGE = gross energy; measured using bomb calorimeter (Parr 1356 bomb calorimeter).

The hepatosomatic index (HSI), visceral somatic index (VSI), and intraperitoneal fat (IPF) were determined by sacrificing three fish per replicate tank in each feeding treatment at the end of Phase 1 and Phase 2 using the following formulae (Busacker et al. 1990):


HSI (%): (Liver weight / Fish weight) × 100

VSI (%): (Viscera weight / Fish weight) × 100

IPF (%): (IPF weight / Fish weight) × 100



Fish muscle from the 6 feeding treatments was collected in small universal bottles covered with aluminium foil to determine the proximate composition. The aluminium foil covers were punched and held continuously at –70°C to –75°C for 24 hours. The freeze-dried muscles were removed and analysed for proximate composition according to the AOAC (1997) guidelines.

Data Analysis

The results were analysed using SPSS (version 18). A one-way ANOVA (analysis of variance) was used to compare the data on growth performance, feed utilisation and body indices between the two phases. Multiple comparisons were analysed with Duncan’s test to assess the differences between treatment means at a 95% confidence level.

RESULTS

The inclusion of dietary prebiotics and probiotics (Table 2) resulted in a significant (p<0.05) change in the growth of C. striata fingerlings between the two phases. The growth performance was significantly increased in the feeding treatments during the first phase (Table 2) but decreased significantly (p<0.05) at different points during the second phase. Growth was significantly higher in both phases for fish fed the LBA diet. The SGR for the 3 prebiotic treatments did not differ significantly from the live yeast treatment (probiotic) during the first phase but decreased significantly by the end of second phase (Fig. 1). Prebiotic and probiotic feed supplements significantly increased the SGR of C. striata fingerlings (Fig. 1) during the first phase, but the SGR decreased gradually for all prebiotic fish after 4 weeks in the second phase, when no feed supplement was used; live yeast and LBA treatments decreased after the 6th and 7th weeks, respectively (Fig. 1). In both phases, the SGR of the LBA treatment was significantly higher than the live yeast treatment (Fig. 1).

This study found that feeding probiotics, particularly LBA, resulted in significantly higher feed utilisation efficiency. The FCR and PER were significantly (p<0.05) affected by the inclusion of dietary prebiotics and probiotics (Table 2). In the first phase of the experiment, the lowest FCR was obtained in the LBA feeding treatments followed by the β-glucan treatment; however, the FCR values of all treatments had increased by the end of the post-feeding phase (Table 2). Similarly, after 16 weeks, the PER was highest in the LBA feeding treatments followed by β-glucan and GOS treatments; however, during the post-feeding trial, the PER was significantly higher in both probiotic treatments compared with the 3 prebiotic treatments (Table 2).

In all feeding treatments, 100% survival was maintained until the end of the first phase; however, by the end of second phase, survival had declined to 90% in the control and β-glucan treatments and 88% and 82% in the MOS and GOS treatments, respectively. Overall mortality was 14% at the end of the second phase. No mortality was recorded for the probiotic feeding treatments in either phase (Table 2).

The condition factor was also affected by the dietary supplements (Fig. 2). The greatest change was found in the MOS treatment at end of first phase followed by the live yeast, β-glucan, GOS, and LBA treatments and the control, whereas no significant difference was found between any prebiotic and the control during the post-supplementation feeding period or at the end of the second phase. In the second period, a highly significant difference was observed for both probiotic feed supplements (Fig. 2). This study did not find any significant (p<0.05) differences in HSI, VSI, or IPF between the first and second phases, but a decrease in Phase 2.

The proximate composition of fish muscle (Table 3) was significantly changed by the inclusion of dietary prebiotics and probiotics. The tested diets showed a significant increase in the crude protein content; the highest levels were found in the LBA-based diet followed by the 3 prebiotics and live yeast (probiotic) treatments compared with the control during at the end of 16 weeks. In contrast, there was an observed decrease in the crude lipid content; the LBA-based diet produced the lowest crude lipid in the fish muscle followed by the live yeast and the 3 prebiotic treatments (Table 3). In both phases, the fish muscle contained a low ash content, but significantly differed from the control diet.
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Figure  1: Specific growth rates of C. striata fingerlings (by week) during the two phases of the study.

Notes: CT = control diet without supplementation; BG = supplementation with β-glucan; GS = supplementation with galacto-oligosaccharides; MS = supplementation with mannan-oligosacharides; YS = supplementation with live yeast (S. cerevisiae); LB = supplementation with L. acidophilus.



DISCUSSION

The results obtained in the present study revealed that supplementation with dietary prebiotics and probiotics had a strong effect on growth performance in C. striata fingerlings. In the first phase, the ranking of performance for the supplemented diets was LBA>live yeast>β-glucan>MOS>GOS (Table 3); the unsupplemented (control) diet showed the lowest performance. This performance trend clearly demonstrated that there were attributes of the supplemented diets that enhanced the growth performance of C. striata. Watson and Preedy (2010) stated that dietary prebiotics and probiotics are functional bioactive foods that promote the growth and health of living organisms. Both types of supplements (prebiotics and probiotics) typically directly modulate the endogenous flora in the gastrointestinal tract by producing enzymes or influencing enzyme activity. The primary role of the digestive tract is to break down foodstuffs into smaller molecules compatible with absorption across the epithelial border of the gastrointestinal tract (Merrifield et al. 2011) with the aid of the digestive enzymes. The secretion of digestive enzymes can be enhanced in the intestines of fish by the intake of dietary prebiotics and probiotics. Numerous studies have demonstrated that dietary prebiotics and probiotics are initially responsible for modulating the favourable intestinal microflora that play a major role during the secretion of digestive enzymes, specially amylase (Xu et al. 2003; Yanbo & Zirong 2006; Essa et al. 2010; Askarian et al. 2011; Sang et al. 2011; Wu et al. 2014).

Table 2: Growth performance, feed utilisation and survival of C. striata fingerlings.
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Notes: Each column represents different feeding treatments. All values are mean ± SD obtained from three replicate groups (n = 3). Data with different superscripts in the same row indicate significant differences (p<0.05) among the feeding treatments. RG = relative growth; SGR = specific growth rate; FCR = feed conversion rate; PER = protein efficiency rate; β-glucan = beta glucan; GOS = galacto-oligosaccharides; MOS = manna-oligosaccharides; live yeast = S. cerevisiae; LBA = L. acidophilus.

The present study showed improved performance in LBA-treated fish compared with the other probiotic (live yeast), probably due to their different modes of action in the gastrointestinal tract. Feeding a diet supplemented with L. acidophilus increases the population of Lactobacillus sp. and thus not only replaces pathogenic bacteria but also produces nutrients and stimulates the release of more digestive enzymes resulting in an enhanced, more rapid digestion process (Cüneyt et al. 2008). The ingestion of live yeast, on the other hand, involves the maturation of the gut via the formation of yeast colonies. The ability of yeast to colonise is thought to be related to cell surface hydrophobicity, which helps the live yeast strains grow on the intestinal mucous (Waché et al. 2006). This mode of action appeared to influence the growth performance of C. striata fingerlings supplemented with dietary prebiotics and probiotics in the present study. The mode of action in the gastrointestinal tract of the dietary prebiotics tested in this study was indirect. It is probable that the probiotics, which contain live bacteria or fungi (Fuller 1989), have a probioactive role (i.e., bioactivity originating from a combination of the food matrix and bacteria) in the gastrointestinal wall resulting in an enhanced rate of fermentation in the colon (Gill, 1998). Growth performance in response to the ingestion of dietary prebiotics showed differences that were probably related to structural differences. The β-glucan tested in this study has an unbranched homopolysaccharide structure, whereas the other two feed supplements, MOS and GOS, had a branched heteropolysaccharide structure. The unbranched homopolysaccharides are polymers of a single monosaccharide such as glucose; whereas the branched heteropolysaccharides contain different monosaccharides linked by glycosidic bonds in nature (Chanpul et al. 2012). Although these structural differences potentially influence the efficacy of the three prebiotics, the results of the present study did not show significant differences among them. The probable reason for this result is that β-glucan, which is an active prebiotic proven to modify biological responses, is a soluble carbohydrate (Bhon & BeMiller 1995) obtained from the cell walls of live yeast (S. cerevisiae), whereas galacto-oligosaccharides (GOS) and mannan-oligosaccharides (MOS) contain oligosaccharide carbohydrates with low molecular weights and degrees of polymerisation (Roberfold & Slavin 2000; Sanders et al. 2005). Overall, the results obtained from the first phase of this study revealed a positive effect of dietary prebiotics and probiotics as feed supplements for C. striata fingerlings. The survival data from the present study showed results similar to those on growth performance. This result is consistent with a previous study by Talpur et al. (2014), who used a selective single dose of dietary prebiotics and probiotics as feed supplements in a study on C. striata fingerlings. Similar results were observed in the African catfish, Clarias garepinus (Al-Dohail et al. 2009), Cyprinus carpio (Dhanaraj et al. 2010), a hybrid striped bass (Li & Gatlin 2005), rainbow trout (Staykov et al. 2007), European sea bass (Torrecillas et al. 2007), and red drum, Sciaenops acellatus (Zhou et al. 2010). Similar to the results for growth performance in Phase 1, the feed utilisation and body indices of C. striata were also positively affected by the inclusion of dietary prebiotics and probiotics (Table 3). All the diets tested reduced the FCR to less than 2, including the control diet, probably due to the 40% protein and 12% lipid content. The bioactive attributes of dietary prebiotics and probiotics accelerated a reduction in FCR, which indicates that the tested diets were economically viable. In addition, the inclusion of dietary prebiotics and probiotics increased the protein efficiency rate, which was a positive result because PER helps to reduce the FCR (USAID 2011). Fish fed with LBA performed significantly better, followed by live yeast, which as a beneficial fungi is another probiotic. The tested LBA and fungi may lead to greater activity in the gastrointestinal tract (Marteau et al. 1993) resulting in an increase in the protein efficiency rate and a reduction in the FCR. In contrast, the three tested dietary prebiotic feeding supplements facilitated the beneficial bacteria; by nature they are very similar to low-digestibility carbohydrates and influence the osmotic pressure in the gastrointestinal tract under fermentation (Roberfold & Slavin 2000), enhancing endogenous bacteria such as Bacillus and intestinal gas production associated with greater digestive activity. Therefore, they led to a decrease in the FCR and an increase in the PER.

The present study also revealed that the inclusion of dietary prebiotics and probiotics led to maintenance of the condition factor during growth, which reflects the nutritional status of an individual fish (Schreck & Moyle 1990). The proximate composition analysis indicated that the fish muscle in this study had a high protein content, but low fat and ash content. C. striata is a freshwater fish that typically contains high protein (Annasari et al. 2012) and low fat. In this study, the inclusion of dietary prebiotics and probiotics led to an increased crude protein and lower lipid content compared with the control, which may be beneficial for a food fish (Wee 1982).

The addition of the post-feeding trial (Phase 2), in which the treated fish were fed with an unsupplemented (control) diet for a period of time after the experiment, provides a complete study on the effects of dietary prebiotics and probiotics on fish growth performance. This is the first such post-feeding trial conducted to date in the field of fish nutrition research. The SGR showed a clear difference between Phase 1 and Phase 2 in the present study. In the post-feeding phase, it appears that the bioactive role continues for 7 weeks for the LBA treatment, 6 weeks for the live yeast treatment (Fig. 1), and 4 weeks for the 3 prebiotics tested in this study. The probable reason for this is the effect of residues stored in the gastrointestinal tract. In Phase 1, when the fish were fed the supplemented diets, they may not have used all of the nutrients derived from these diets for growth purposes; 16 weeks of continuous supplemented feeding during Phase 1 may have resulted in the deposition of supplemented diets as residue that might be available during Phase 2, when the treated fish were fed only the control diet. This hypothesis is consistent with the higher SGR of supplemented diets compared with the control diets provided after Phase 1 (Fig. 1). The residual effects of supplementation of fish in Phase 2 (post-feeding trial) was reflected in the higher FCR and the lower PER. It can be argued that fish require a similar level of energy to maintain growth in both phases, but that replacing the supplemented diets with the control (unsupplemented diets) could not supply sufficient energy to maintain the growth performance. Therefore, the growth performance of supplemented fish decreased over time in Phase 2. This is consistent with difference in survival of fish observed between Phase 1 and Phase 2. Nevertheless, there were no significant morphological changes (HSI, VSI, and IPF) in fish between these two phases, probably because there was no biological effect before supplementation was stopped.

In conclusion, the results obtained from the present study established the efficacy of supplemented diets. Fish growth, low FCR, and high PER with low fat demonstrated that fish feed formulated with dietary prebiotics and probiotics had a positive effect, particularly supplementation with 0.01% (108 CFU) LBA powder, which led to the highest fish growth with a low FCR and high PER. However, this was a preliminary study; this phenomenon needs to be studied in depth considering other parameters such as nutrient digestibility, blood parameters, gut microflora, innate immune response status, etc. for C. striata fingerlings.

Table 3: Proximate composition of body muscle between Phase 1 and Phase 2.
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Notes: Each column represents different feeding treatments. All values are mean ± SD obtained from three replicate groups (n = 3). Data with different superscripts in the same row indicate significant differences (p<0.05) among the feeding treatments. Β-glucan = beta glucan; GOS = galacto-oligosaccharides; MOS = manna-oligosaccharides; Live yeast = S. cerevisiae; LBA = L. acidophilus.
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Figure  2: Effect of dietary prebiotics and probiotics on body indices in C. striata fingerlings during different phases.

Notes: All values are mean + SD obtained from three replicates groups (n = 3). The superscripts indicates significant difference (p<0.05) among the feeding treatments. Β-glucan = beta glucan; GOS = galacto-oligosaccharides; MOS = manna-oligosaccharides; live yeast = S. cerevisiae; LBA = L. acidophilus.

CT = control diet without supplementation; BG = diet with β-glucan supplement; GS = diet with GOS supplement; MS = diet with MOS supplement; YS = diet with live yeast supplement; LB = diet with L. acidophilus supplement. Phase 1 = during feed supplementation; Phase 2 = treated fish fed with control diet.
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Abstrak: Burung ciak rumah (Passer domesticus) merupakan spesies burung yang tersebar luas di seluruh dunia. Spesies ini mempunyai perhubungan yang dekat dengan manusia, maka ia bersarang atas struktur-struktur buatan manusia. Di sini, kami menerangkan tentang bahan-bahan yang digunakan oleh burung ciak rumah untuk membina sarang sepanjang gradien kawasan bandar ke luar bandar. Untuk kajian ini, kami telah memilih jalan Coimbatore ke Anaikatty (State Highway-164), satu jalan lebuh raya 27 km panjang, yang melalui satu kawasan bandar ke luar bandar di Coimbatore. Daripada 30 sarang yang diperhatikan, 15 merupakan dari kawasan luar bandar, 8 daripada kawasan subbandar, dan 7 dari kawasan bandar. Sarang-sarang tersebut mempunyai 2 lapisan jelas, iaitu lapisan struktural dan lapisan dalaman. Dalam kajian ini, kami telah mengenal pasti 11 spesies tumbuhan, 2 jenis bahan haiwan, dan 6 jenis bahan antropogenik, termasuk kepingan plastik dan tali halus. Bilangan bahan antropogenik berbeza mengikut gradien kawasan. Penggunaan bahan antropogenik tinggi di kawasan bandar (p<0.05) manakala tidak ada perbezaan nyata di kawasan-kawasan subbandar (p>0.05). Satu pengurangan beransur penggunaan bahan tumbuhan mengarah ke kawasan bandar telah dikenal pasti (p<0.05). Kajian ini telah menunjukkan perhubungan antara penggunaan bahan untuk membina sarang sepanjang gradien kawasan bandar ke luar bandar, untuk burung yang berkaitan rapat dengan manusia.

Kata kunci: Burung Ciak Rumah, Bahan Sarang, Gradien Bandar ke Luar Bandar

Abstract: The house sparrow (Passer domesticus) is a widely distributed bird species found throughout the world. Being a species which has close association with humans, they chiefly nest on man-made structures. Here we describe the materials used by the house sparrow for making nests along an urban to rural gradient. For the current study, we selected the Coimbatore to Anaikatty road (State Highway-164), a 27 km inter-state highway, which traverses along an urban core to rural outstretch of Coimbatore. Of the 30 nests observed, 15 nests were from the rural, 8 were from the suburban, and 7 were from the urban areas. The nests had two distinct layers, specifically the structural layer and the inner lining. In the current study, we identified 11 plant species, 2 types of animal matter, and 6 types of anthropogenic matter, including plastic pieces and fine rope. The amount of anthropogenic materials in the nest formation varied along the gradients. The usage of anthropogenic materials was high in urban areas (p<0.05) whereas it did not differ at the sub-urban regions (p>0.05). A gradual decrease in the usage of plant matter towards the urban area was noticed (p<0.05). This study explicitly documents the links between nest material usage along an urban to rural gradient, in a human associated bird.

Keywords: House Sparrow, Nest Material, Urban to Rural Gradient

House sparrows are closely associated with human dominated landscapes (Summers-Smith 1988). The decline of the species is being recorded from different parts of the world (Hole et al. 2002; Royal Society for the Protection of Birds [RSPB] 2003; Vincent 2005; Anderson 2006; Dhanya 2012). One of the reasons predicted to be the cause for their decline is lack of nesting sites. House sparrows generally build single or semi-colonial nests. Nest building is most intense during January to May (Vincent 2005). This multi-brooded species is widely distributed in cities and are known to build open-cup nests which may be reused during the same season as well as in successive breeding seasons (Cavitt et al. 1999; Friesen et al. 1999). The species mainly nests in holes and crevices of man-made structures and nest-boxes (Summers-Smith 1988). House sparrows use a broad range of materials for nest building, including feathers, grass inflorescences, stalks and roots of plants, barks, threads, strings, and pieces of paper and wool (Indykiewicz 1990). The present study was conducted to examine the materials used for making the nest, the occurrence, and the types along an urban to rural population of house sparrows (Passer domesticus, “sparrow” hereafter), a species that breeds in urban, suburban, and rural landscapes.

The study area, Coimbatore (11°0′45″N 76°58′17″E), is the third largest city in Tamil Nadu, India (Fig. 1). The city is well-known for textile mills, small scale engineering works and in recent years as an educational hub. For the current study, we selected the Coimbatore to Anaikatty road (State Highway-164), a 27 km inter-state highway, which traverses along an urban core to rural outstretch of Coimbatore.
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Figure  1: Study area.

Source: Google Earth (2015).



The sampling points were selected along an urban to rural gradient to ensure a wide range of variation in key ecological variables (Pennington & Blair 2012) during the reproductive season of 2006–2008. The nests were located by intensive search in built up areas along the urban gradient. The nest locations were identified using the behavioural cues of parent birds such as vocalisation and bird activities (birds flew off from nests, carrying nest materials, bringing food to the nestlings, and calls) as described by Martin and Geupel (1993), Reale and Blair (2005), and Peach et al. (2008). Since nest site fidelity and nest reuse were observed in many cases, immediately after the chicks fledged, nests of sparrows were carefully examined and individually labelled in the field for further monitoring. We examined each nest, which was accessed by an aluminium ladder, and assessed the nature and quantity of materials it was made of, and quantified the number of components it contained. Most of the plant materials used was identified up to the species level using the standard field guide and field keys pertinent to the study area (Henry et al. 1984).

A total of 30 nests were examined to identify the nest materials. Of these, 15 nests were from the rural, 8 were from the suburbs, and 7 were from the urban areas. The nests were cup shaped and loosely built. The nest materials were classified as plant matter, animal matter, anthropogenic matter, and unidentified (materials which were dried and converted to powder form, thus could not be identified). The nests had two distinct layers, specifically, the structural layer and the inner lining. The structural layer formed the base of the nest and constituted predominantly of plant matters. The lining is the thin layer which was in direct contact with the eggs and the nestling. This layer is made of fine and soft materials such as paper pieces, cotton, and fine jute. In total, the sparrows used whole/parts of grass species of which three were identified and one unidentified, one sedge, three herbs, one shrub, and two tree species excluding an unidentified matter. In some situations, anthropogenic nest materials could be a beneficial resource, enabling nest construction in places where natural materials are limited. Riper (1977) observed the use of sheep wool as a binding material in the structural layer of nests of Hawaiian birds. In the current study, we identified 11 plant species from the structural layer of the nests (Table 1). Whole or parts of the flower, leaf, stem or the dried herbs itself formed the building material of the structural layer. Similarly, in the lining material we determined two plant species, i.e., Azadirachta indica (fine parts of flowers and leaves) and one unidentified grass species (Table 1). Similarly, two types of animal matters, i.e., fine feather and human hair, six types of anthropogenic materials including plastic pieces and fine rope were also recorded. Parts of leaf, flower, and stem which were powdered were also found in the lining.

Table 1: Constituents of house sparrow nest layers.



	No.
	Species/materials
	Parts used
	Nest layer



	
	Plant matter
	
	



	1


	Aerva lanatah
	Flowers/stem
	Structural



	2


	Azadirachta indicat
	Leaf/flowers/fine stem
	Structural/lining



	3


	Boerhavia sp.h
	Leaves/whole plant
	Structural



	4


	Cynodon dactylong
	Whole plant
	Structural



	5


	Cyperus sp.se
	Leaves/whole plant
	Structural



	6


	Dactyloctenium aegyptiumg
	Stem/whole plant
	Structural



	7


	Eleusine indicag
	Leaves/whole plant
	Structural



	8


	Grass sp.
	Leaves
	Structural/lining



	9


	Moringa oleiferat
	Leaves/fine stem
	Structural



	10


	Parthenium hysterophorush
	Stem/flowers/inflorescence
	Structural



	11


	Musa paradisiacah
	Thread/leaf
	Structural



	
	Anthropogenic matter
	
	



	1


	Paper
	Small piece
	Lining



	2


	Plastic
	Small paper piece/fine rope
	Structural/lining



	3


	Cotton thread
	Small piece
	Lining



	4


	Coir
	Fine piece
	Lining



	5


	Cotton
	Rope/fine
	Lining



	6


	Jute
	Fine
	Lining



	
	Animal matter
	
	



	1


	Chicken feather
	Fine part
	Lining



	2


	Hair
	Hair
	Lining



	1


	Unidentified
	Parts of leaf, flower, stem etc.
	Lining




Note: g = grass, se = sedge, h = herb, s = shrub, t = tree.

A gradual decrease in the usage of plant matter towards the urban area was reported. Nests from the rural area were comprised of about 90% plant matter followed by 10% materials from anthropogenic matter (Table 2). The amount of anthropogenic materials in the nest varied with the gradients. The usage of anthropogenic materials was high in urban areas, (p<0.05) whereas it did not differ much with sub-urban regions (p>0.05). A gradual decrease in usage of plant matter towards the urban area was reported (p<0.05).

Table 2: Constituents of house sparrow nest layers along an urban to rural gradient.



	Nest material
	Rural (%)


	Suburban (%)


	Urban (%)





	Plant matter
	89.80


	82.94


	77.10





	Animal matter
	–


	0.78


	1.20





	Anthropogenic matter
	10.20


	11.96


	21.69





	Unidentified
	–


	4.31


	–






A total of 11 plant species were recorded in the nests from the rural area, 7 from suburban areas, and 5 species from urban areas. The constituents of nest layers in percentage have been given in Table 3. Compared to the other gradients, for nests from urban regions, plant matter was recorded the least and anthropogenic matter i.e., small pieces of paper, plastic wrapper, fine pieces of jute, and plastic rope etc. were high. This observation is different compared to a study conducted by Townsend and Baker (2014), in which they have reported the usage of anthropogenic matter in higher loads from the nests observed from agricultural areas in the case of the American crow, Corvus brachyrhynchos.

Table 3: Constituents of house sparrow nest layers.



	Nest material
	Mean


	Standard Deviation





	Plant matter
	10.46


	17.2





	Animal matter
	0.08


	0.59





	Anthropogenic matter
	1.65


	2.91





	Unidentified
	0.13


	1.18






Behavioural plasticity can be considered as a potential mechanism for avian invasion as the species would readily recognise and utilise unfamiliar resources to colonise new areas (Webster & Lefebvre 2001). Fitzgerald and Martin (2005) observed high behavioural plasticity in sparrows. Hence, these species may readily identify and utilise unfamiliar resources available in the area for nest construction. In the current case, behavioural plasticity/flexibility in selecting nest materials can be considered as a mechanism to identify unfamiliar resources, which can evolve as part of establishing populations in new areas. The composition of the nest materials may vary according to the local availability of materials (Wimberger 1984). Anthropogenic nest materials could have benefits too, for example, Suarez-Rodriguez et al. (2013) reported the usage of cigarette butts as nesting materials of sparrows for pest control, which was also reported in the present study. In the current study, we observed that sparrows used leaves and stems of A. indica, a plant with anti-microbial properties, to probably repel arthropods in the nests, which may serve as ecto-parasites. Dhandhukia and Patel (2012) reported the occurrence of A. indica, from the nests of the common myna (Acridotheres tristis). The secondary metabolites present in the plant materials may help to kill/deter avian ectoparasites (Wimberger 1984; Mennerat et al. 2009). Several studies revealed that the presence of ectoparasites may adversely affect nestling growth mainly due to the loss of blood (Wimberger 1984; Newton 2002). The major ectoparasites responsible for bird mortality are dipterans, fleas, ticks, and mites (Wimberger 1984).

Many studies have revealed that the parasitic load was closely related to the presence of old nest materials in nest boxes (Møller 1992; Lehmann 1993; Weddle 2000; Marzal et al. 2005). Parasites generally gain resources from their hosts and this deteriorate the fitness of their hosts. Hence, old nest materials have a significant effect on the reproductive success and nestling growth as it affects both adults and chicks (Møller 1992). Many of the studies revealed that the loss of genetic diversity in urban sparrows could be a reason for the decline in the bird’s population (Vangestel et al. 2011) and causing the birds to be more prone to parasitic infections (Hedrick et al. 2000; Hawley et al. 2005). Much of the causality that has been reported is due to the presence of anthropogenic materials in the nests. In the case of the American crow, plastic twines in nest materials have entangled on fledglings and deaths were reported (Townsend & Barker 2014). Ospreys were reported to have causalities because of plastic twines in nest materials (Blem et al. 2002) whereas in doves, fishing lines in nest materials have contributed to the causality (Parker & Blomme 2007). As observed in the present study, the use of animal matter (chicken feather and human hair), especially in the nest lining, may increase the presence of parasites in the nests. Presence of such material could be a potential threat for the survival of chicks and the reproductive capacity of the adult. This can be a potential reason for the decline in the urban sparrow population.

In conclusion, the amount of anthropogenic materials in the nest varied along the gradient. A gradual decrease in the usage of plant matter towards the urban area was reported. Eleven species of plants, two types of animal matter, and six types of anthropogenic materials were identified from the nests. In the study, the presence of old nest materials have been observed widely. The present observation envisages the need to explore the relation of old nest materials and the parasitic load, which in turn may help to resolve the severity of population decline of the studied species.
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0.25% 0.38° 0.66° 0.40% 0.97°

Crude lipid (%) Phase 1 6.92+ 549+ 561+ 536 5.25¢
0.07° 0.10% 0.01° 0.09° 0.04* 0.12°

Phase 2 661 6.43+ 6.05+ 527+ 6.28+ 588+

Lt 50 0.50% 0.07* 0122 0.45% 0.04°

Ash (%) Phase 1 534+ 219+ 259+ 3.04+ 400+ 1.59+
0.08 0.08° 027 0.09° 0.04% 032°

Phase 2 507+ 501+ 518+ 540+ 563+ 464+

041 0.06 020 055 0.49° 0.53°
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Ingredient Control ~ B-gluean ~ GOS ~ MOS  Liveyeast L. acidophilus
0.2% 1% 0.5% 1% 0.01%
Danish fishmeals 534 534 534 534 534 534
Korean com 340 340 340 340 340 340
starch
Fish oil 5 5 5 5 5 5
Soybean oil 60 60 60 60 60 60
Cellulose 11 8 1 6 1 10.9
cmce 10 10 10 10 10 10
Vitamins mix® 20 20 20 20 20 20
Minerals mix* 20 20 20 20 20 20
Supplement 0 2 10 5 10 0.1
Proximate Control  pglucan  GOS  MOS  Liveyeast L. acidophilus
composition (gkg) 0.2% 1% 0.5% 1% 0.01%
Moisture 81.9 522 63.1 719 96.5 928
Protein 4100 4073 4004 4068 4001 4007
Lipid 118.8 175 1184 1180 1203 121.2
Ash 10.1 102 9.8 103 2.9 106
Fibre 123.0 1232 1232 1218 1218 120.6
NFE® 256.2 2896 2761 2712 2424 245.1
GE' (MJ/kg) 198.9 197.6 1985 1992 198.7 196.9
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Exposure  Treatment  LCs LcL ucL Slope  tratio gvalue Heterogeneity
period () mglL (wiv) value
1 Ext Chl 03816 71553 1688.32 236:0.50 468  0.17 028
Pure Chl 1123 830 2281  203:047 431 020 021
2 Ext Chl 507.05 49240 82710 2182043 508  0.14 015
Pure Chl 743 585 1176 175:0.39 440 019 022
3 Ext Chl 49268 40885 64586 204:041 494  0.15 025
Pure Chl 417 338 504  206:0.38 538 013 031
4 Ext Chl 33101  287.98 37468 321:044 722 007 048
Pure Chl 260 196 313 2431040 603 010 059
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Exposure Treatment  LCs LCL  UCL  Slope tratio g-value Heterogeneity
period (h) mg/L (wiv) value
24 ExtChl 88271 83101 98100 768t 527 0.3 0.18
145
48 ExtChl 79551 75558 85120 746t 552 0.2 027
135
72 ExtChl 72841 687.15 76860 731t 554  0.12 026
132
9% ExtChl 66656 620.80 69548 979+ 675  0.08 048

144






