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Abstract

Background: Combretum micranthum G. Don. (Combretaceae) is an ethnomedicinally valuable, undomesticated and indigenous shrub of West Africa. However, its anxiolytic potential have not been reported despite its ethanolic extract being used ethnomedicinally in the management of anxiety disorders.

Aim: To determine the acute toxicity effect and assess the behavioural effects and anxiolytic potential of C. micranthum G. Don. leaves in mice.

Settings: This study is an experimental design to evaluate the ethnomedicinal claim of Combretum micranthum G. Don using animal models of anxiety.

Methods: Fifty-six male and female mice, ranging in weight between 20 g and 30 g were randomly distributed into three main groups. The first group of mice (n = 6) was assigned for toxicity assessment (LD50) study using the guideline of Organization for Economic Cooperation and Development (OECD). The second group of mice for behavioural study (n = 25) was further divided into five sub-groups. Sub-groups I, II and III were orally administered 500 mg/kg, 1000 mg/kg, 2000 mg/kg of ethanolic extract of C. micranthum (CmEE), respectively, whilst IV and V were intraperitoneally administered 1 mg/kg diazepam and normal saline 0.5 mL, respectively. They were thereafter evaluated for novelty-induced behaviours: locomotion, rearing and grooming using Open Field Test (OFT). The third group of mice (n = 25) was treated similar to the pattern used in behavioural study and evaluated for anxiolytic activity of CmEE using elevated plus maze (EPM) model. Data were expressed as mean ± standard error of mean (S.E.M) and analysed using Student’s-t test, and one-way analysis of variance (ANOVA) followed by Student–Newman– Keuls (SNK) test with values of p < 0.05 considered significant.

Results: The percentage yield of ethanolic leaf extract of C. micranthum was 14.28% weight/weight (w/w). Combretum micranthum showed no toxicity when administered orally to mice (LD50 ≥ 2000 mg/kg). Groups administered 500, 1000 and 2000 mg/kg of CmEE exhibited decreased locomotion (p < 0.05) when compared with saline group. There was significant decrease in rearing at 2000 mg/kg but increase in grooming in mice administered 2000 mg/kg of CmEE was recorded. The groups administered 500, 1000 and 2000 mg/kg of CmEE showed increased percentage time spent in the open arm in a dose-dependent pattern (33.3%, 41.6% and 55.4%, respectively) when compared with the saline group. There were significant dose-dependent decreases in the indices of open arm avoidance at 1000 (48.9) and 2000 mg/kg (41.4) of CmEE.

Conclusion: Combretum micranthum is non-toxic and preliminary data indicated that it possesses anxiolytic potential. However, it is recommended that further assays using other specific models of anxiety to determine its probable mechanism(s) of action should be explored.
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Introduction

Anxiety is a common psychiatric disorder which is usually associated with restlessness, difficulty in concentrating, nervousness, apprehension and panic (American Psychiatric Association 2000). The term ‘anxiety disorder’ refers to specific psychiatric disorders that involve extreme fear or worry and includes but not limited to generalised anxiety disorder (GAD), panic disorder and panic attacks, agoraphobia, social anxiety disorder, selective mutism, separation anxiety and social phobias (ADAA 2018; Rickels & Schweizer 1997). Anxiety disorders are currently the most prevalent mental disorder (Bandelow & Michaelis 2015). According to large population-based surveys, up to 33.7% of the population is affected by an anxiety disorder during their lifetimes (APA 2000; Bandelow & Michaelis 2015; Martin 2003).

The symptoms associated with anxiety disorders could either be emotional or physical in nature (Shelton 2004; Yonkers et al. 2000). The emotional symptoms include feelings of apprehension or dread, trouble in concentrating, feeling tense and jumpy, irritability, restlessness amongst others (Billings 1986; Stein & Stein 2008). On the other hand, the physical symptoms comprise pounding heart (Moser 2007), sweating, stomach upset or dizziness, frequent urination or diarrhoea, shortness of breath, tremors and twitches, muscle tension (Schweizer & Rickels 1997), headaches, fatigue and insomnia, etc. (Koen & Stein 2011; Vythilingam et al. 2000). Anxiety has been identified as the most common stress-related mood disorders causing disability and premature death (GBD 2015).

A large number of individuals suffering from anxiety disorders have access to conventional treatment (Bourin & Thibaut 2013; Davidson 2001; Koen & Stein 2011) yet symptoms usually persist (Bystritsky et al. 2013; Shelton 2004). This could be because of the several adverse effects of conventional drugs, which may have reduced patient compliance (Sheehan, Claycomb & Kouretas 1980), hence the need to seek alternative therapies (Kunovac & Stahl 1995). The use of natural products as complementary or alternative to conventional synthetic medicines in the treatment of many pathological conditions has increased substantially over the last decades (Kumar et al. 2012). This could be because of general perception of their safety and cultural acceptability, widespread availability, cost-effectiveness, ease of administration, tolerability and general compliance (Calixto 2000; WHO 2005). Several studies have shown that various ethnomedicinal plants have been documented for the treatment of CNS disorders (Amali et al. 2019; Danmalam et al. 2017), which underscores the need for continuous research on potential medicinal plants that possess anxiolytic property.

Combretum micranthum (G. Don) (Figure 1) is an undomesticated shrub species of Western Africa that belongs to the family Combretaceae. It is commonly called ‘kinkileba’ and is one of the most popular traditional bush teas of Senegal. It is also indigenous to Mauritania, Nigeria and Niger (Burkill 1985). Its local names are ọ̀gàn bulẹ (Yoruba) and farar geézaà (Hausa). The plant is gathered from the wild by local people, mainly for medicinal use and to make a popular local tea called ‘tisane de longue vie’ or ‘Seh-haw Kinkeliba’ or ‘quinquelibas drink’, a refreshing tea traded as ‘kinkéliba’, which in English signifies ‘infusion of long life’ (Udoh et al. 2012).
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The herbal beverage is commonly used to promote weight loss, digestion (Abdullahi et al. 2014), diuresis and as a mild antibiotic (Taura, Arzai & Oyeyi 2009) to the urinary tract (Coulidiati et al. 2011; Fern 2014). The leaf extract of C. micranthum has been shown to possess analgesic, anti-inflammatory (Eloff et al. 2008), antidiabetic (Chika & Bello 2010), antibacterial (Abdel Kader et al. 2020; Jared et al. 2018), anti-hypertensive properties (Abdullahi et al. 2014; Arumugam et al. 2013) and it also prevents nosocomial infection (Udoh et al. 2012). Leaf extracts have been found to exhibit anti-viral properties (Bisso et al. 2015; Eloff et al. 2008; Tshikalange et al. 2008). The roots are diuretic, vermifuge and are used in the treatment of infertility, fevers, sores and veneral diseases (Ferrea et al. 1993; Masoko et al. 2010). The decoction of the leaves is used to treat black fever, hepatic diseases and various disorders of the respiratory system in Senegal, Mali and Burkina Faso (Gill 1992; Udoh et al. 2012). More so, the plant is commonly used in Burkina Faso and Cote d’Ivoire by native healers in the treatment of malaria (Fern 2014) and diarrhoea in Niger, West Africa (Manzo, Moussa & Ikhiri 2017).

Further studies have shown that the ethanolic leaf extract of C. micranthum (CmEE) has CNS (antidepressant) activity (Danmalam et al. 2011) whilst it is also being used traditionally to treat anxiety disorders (oral communication). It is also a component of herbal mixture used in the traditional management of epilepsy by the Hausas of north-western Nigeria (Danmalam et al. 2017). In addition, recent studies have shown that the herb confers protective effects on central nervous system against environmental toxicants (Mohammed et al. 2020) and urinary system (Abdel Kader et al. 2020; Kpemissi et al. 2010). However, no report of its anxiolytic activity has been documented. Hence, this study was therefore designed to determine the acute toxicity and evaluate the behavioural effects and anxiolytic potential of the CmEE in mice.

Materials and methods

Collection and identification of plant material

The leaves and stems of C. micranthum were collected from Idofian near Ilorin, Kwara State, Nigeria. The identification and authentication was performed by Mr. Bolu Ajayi of the Department of Plant Biology, Faculty of Life Sciences, University of Ilorin, Ilorin. A voucher specimen number (U1LH/001/910) was allocated to the plant and thereafter deposited at the herbarium of the Department of Plant Biology, Faculty of Life Sciences, University of Ilorin, Ilorin.

Drugs and chemicals

The chemicals and reagents such as diazepam (IM; Roche, Nigeria), methylated spirit (MOKO), normal saline 100 mL (Drugfield Pharmaceuticals Ltd. Nigeria), ethanol and distilled water (freshly prepared in our laboratory) used for this work were of analytical grade and purchased from recognised chemical manufacturers and suppliers.

Experimental animals

Fifty-six male and female Swiss albino mice weighing 20 g–30 g were procured from the Central Animal House of the University of Ilorin, Ilorin. Animals were housed in groups of five in cages (41 length × 25 width × 25 height) cm with 12/12 h-light/dark cycle in the animal holding of the Department of Pharmacology and Toxicology, University of Ilorin, Ilorin. The animals got acclimatised for a week before they were used for the experiments. However, during this time, they had free access to standard mouse feed (Metrotech Nigeria Limited, Nigeria) and water ad libitum.

Preparation of ethanolic leaf extract of Combretum micranthum

The fresh leaves of C. micranthum were washed thoroughly with water and air-dried under shade at room temperature, then coarsely powdered. In order to obtain the ethanolic extract, 900 g powder of C. micranthum leaves was boiled in 2 L of 95% ethanol under reflux and then extracted with ethanol by maceration for a period of 48 h. Subsequently, the mixture was filtered using Whatman filter paper 1.0. The resultant filtrate was concentrated over the vapour of the water bath at 45 °C and dried under vacuum (Amali et al. 2019). The percentage yield of extracts was calculated as:
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Acute toxicity study

The acute toxicity study of the ethanolic leaf extract was conducted according to the Organization for Economic Cooperation and Development (OECD)-423 guidelines (2001). Six (n = 6) mice were obtained and allowed to acclimatise for a week. Mice were not given food overnight prior to the conduct of the experiment but however provided with water only. They were rather fed after 4 h following oral administration of the extract during the conduct of the acute toxicity study. The animals were administered 2000 mg/kg orally and observed for some signs of toxicity (such as skin changes, morbidity, aggressiveness, increase oral secretion, sensitivity to sound, pain as well as respiratory movements and mortality) at regular intervals of 0.5, 1, 2, 4, 8, 12, 24 h and daily for 2 weeks.

Behavioural studies

Open field test

Novelty-induced behaviours (NIBs) including locomotion, rearing and grooming were assessed in mice according to the procedures of Akanmu et al. (2011). A total of twenty five (25) mice were randomly distributed into five groups (n = 5) and treated as follows: Groups I – III were orally administered 500, 1000 and 2000 mg/kg of CmEE, respectively. Groups IV and V were administered 1 mg/kg diazepam intraperitoneally as (positive control) and normal saline 0.5 mL orally (negative control), respectively. Thereafter, the three NIBs were observed using the open field box and scored for 10 min per session. Locomotion (horizontal movement of mouse across the floor of square units of the observation cage with all paws- (Irwin 1968), rearing (standing of the mouse on its hind legs or with its forearm against the wall of the observation cage or in the free air) and grooming (body cleaning with paws picking of the body and pubis with mouth and face washing actions). The cage was cleaned with methylated spirit before the introduction of another animal therein to eliminate the olfactory cue that may have been left behind by the previous animals.

Anxiolytic model

Elevated plus maze: Another set of mice (n = 25) was arranged and treated like that of the open field test (OFT). The effect of the extract on the frequency of entry of mice into the open and closed arms and time spent in each of the arms of the maze were observed for 6 min and recorded (Vogel et al. 2002). The principle of EPM is based on the natural conflict in mice between the drive to explore a new environment and the tendency to avoid a potentially dangerous area (Ramos et al. 2008; Rodgers & Cole 1994). The test has been proposed for selective identification of anxiolytic and anxiogenic compounds (Lister 1987). It consists of a plus-shaped maze, elevated from the floor with two open arms and two closed arms opposite to each other inter-connected by a central platform. Time spent in the unprotected open arms and percentage of entries in the open arms in relation to the total number of arm entries are used as experimental indices of anxiety, whereas the entries in the closed arms are seen as indices of general locomotion (Lister 1990). The index of open arm avoidance, interpreted as level of anxiety (Trullas & Skolnick 1993) was calculated as:
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If result is at least 10 point < than vehicle, the sample is anxiolytic, conversely if result is at least 10 points > saline (vehicle), then the sample will be considered anxiogenic.

Statistical analysis

The data were expressed as mean ± standard error of mean (S.E.M). The data were statistically analysed using Student’s-t test and one way analysis of variance (ANOVA) and the Student–Newman–Keuls test. The value of p < 0.05 was considered as significant.

Ethical consideration

Ethical clearance was obtained from the University of Ilorin Ethical Review Committee (UERC/ASN/2019/1604). All experiments were carried out in accordance with the guidelines for laboratory procedures laid down by the UERC, Ilorin, International Animal Care and Use Committee (IACUC) in Nigeria and National Institute of Health (NIH, 1985). Leaves collected were authenticated and deposited at the herbarium of the Department of Plant Biology, University of Ilorin, Ilorin with a voucher number U1LH/001/910.

Results

Plant extract yield

The percentage yield of the CmEE was 14.28% w/w as shown in the calculation here:
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Determination of acute toxicity of Combretum micranthum

No death of mice from the administration of tested doses of CmEE was recorded. Similarly, no toxic effect (acute or delayed) or changes in the skin, morbidity, lethargy or exhibition of aggressiveness, increase in oral secretion, uncoordinated sensitivity to sound, pain and respiratory movements was observed at the dose of 2000 mg/kg administered to the group of animals (n = 6) throughout the period of observation (2 weeks) according to the OECD guideline. This suggests that even the highest dose tested in this study is not toxic acutely. Thus, the lethality range of CmEE in mice was found to be > 2000 mg/kg according to the OECD guidelines.

Behavioural study

The groups of mice administered CmEE at 500, 1000 and 2000 mg/kg exhibited decreased frequency of locomotion p < 0.05 in mice when compared with the saline group as shown in Figure 2a. Significant decrease in number of rearing but nonetheless, increase in indices of grooming (although not significant) was only observed in mice administered 2000 mg/kg of CmEE when compared with the saline group as depicted in Figure 2b and c.
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Anxiolytic study

Assessment of the frequency and duration of entries into the open arm of elevated plus maze

The increments observed in the frequency of exploration in the open arm (Figure 3a) by the mice at any of the treated groups under consideration (500, 1000 and 2000 mg/kg) were not significantly different from the normal saline control group as shown in Figure 3a.
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Contrarily, the groups administered 500, 1000 and 2000 mg/kg of CmEE showed increased percentage time spent in the open arm in a dose-dependent pattern (33.3%, 41.6% and 55.4%, respectively) when compared with the saline group as shown in Figure 3b and c. This observation suggests the presence of anxiolytic property in the CmEE.

Assessment of the index of open arm avoidance on elevated plus maze

Similarly, there were significant decreases considered to be dose-dependent in the indices of open arm avoidance in groups administered 1000 mg/kg (48.9) and 2000 mg/kg (41.4) of CmEE. However, there was a noticeable decrease in the index of open arm avoidance at 1000 mg/kg and 2000 mg/kg (Table 2). This is suggestive of an aversion that can be interpreted as an anxiolytic effect.

Discussion

Anxiety is an emotional, naturally occurring condition of uncontrolled fear usually triggered by both internal and external components (Psychiatry.org 2018). It entails characteristic motor disturbances, sympathetic hyperactivity and excessive apprehension (Sadock & Sadock 2003). It also disrupts behavioural, learning and cognitive processes (Pine, Wasserman & Workman 1999; Ravindran & Stein 2010; Schweizer & Rickels 1997). As a result of the several adverse effects of conventional drugs such as benzodiazepines, barbiturates, etc. (Bandelow et al. 2002; Lopez-munoz, Ucha-udabe & Alamo 2005; Otto 1993), compliance tendencies by patients have reduced (Sheehan et al. 1980) thereby limiting their immense therapeutic benefits (Davidson 2001; Koen & Stein 2011). Consequently, interest in medicinal plants and therapeutic agents of natural origin have increased recently (Kunovac & Stahl 1995), thus alternative therapies are being sought (Ajao et al. 2016). In fact, the use of herbs has evolved as the most common form of complementary and alternative therapy included in the management of anxiety disorders (Johnson et al. 2010). Despite the traditional use of the CmEE in the management of anxiety disorders, its anxiolytic effect has not been reported. Our study therefore evaluated the acute toxicity, behavioural effect and anxiolytic potential of the CmEE in mice.

The fraction extracted from a crude plant sample is usually dependent on the polarity of solvent used in the extraction process (Banfi et al. 2014). The dried powder (900 g) of C. micranthum leaves yielded 128.52 g. In other words, the percentage yield of CmEE was 14.28% w/w. This relatively high yield is similar to the amount reported by Banfi et al. (2014) and Yapo et al. (2014) where ethanol and water were used as solvents for extraction. Thus, its practical application is well envisaged should the herb (as a drug candidate) be developed into a therapeutic agent. The tested doses of CmEE displayed no mortality (Table 1). This was shown by the high LD50 value obtained from its oral administration in mice. Therefore, the absence of toxic symptoms or reactions even at the highest dose of 2000 mg/kg and when observed over a relatively long period of time suggest its harmless nature. Hence, it could be said to belong to Category 5 of the Globally Harmonised System (GHS) according to the guidelines of classification of chemicals by Organization for Economic and Community Development (OECD 2001). This observation corroborates an earlier work by Masoko et al. (2010), Abdullahi et al. (2014) and Muttaka, Jamilu and Sani (2016) where aqueous extract of C. micranthum was studied. This may therefore justify its continuous use in trado-medical practice as an indication for anxiolytic disorders without any toxic incidence recorded over the years. The route of administration of an extract or drug may significantly influence its level of toxicity (Al-Ali et al. 2008). Danmalam et al. (2017) and Kpemissi et al. (2020) had reported non-toxic effect of C. micranthum when administered to rodents even at 5000 mg/kg. Our study revealed however that oral route of administration of CmEE to rodents did not influence its toxicity. This may be an advantage should it be considered for development as a drug candidate.
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Generally speaking, both locomotor and rearing activities of mice are suggestive of explorative tendency and thereby considered as central excitatory behaviours (Ajayi & Ukponmwan 1994). Considering the observations made on behavioural studies, C. micranthum at all tested doses produced decrease in frequency of locomotion although not significant as depicted in Figure 2a. Hitherto, no record of behavioural changes such as aggressiveness was recorded in mice during toxicity study, thereby corroborating the less prominent decrease in frequency of locomotion as observed. Similarly, there was significant decrease (p < 0.05) in the number of rearing at 2000 mg/kg when compared with the saline group as shown in Figure 2b. The reduction observed in frequency of locomotion and number of rearing by the administration of CmEE in mice may suggest its central inhibitory action on excitatory neural mechanisms such as glutamatergic and dopaminergic pathways (Akanmu et al. 2011). Otherwise, there may be possible potentiation of the central inhibitory pathways, for example, γ-aminobutyric acid (GABA). It could be inferred from the results obtained that the tested doses of CmEE have central inhibitory activities although mild. Meanwhile, a study has reported the inhibitory central nervous system activity of C. micranthum (Danmalam et al. 2011) albeit at higher doses. Surprisingly, the indices of grooming was rather increased at 2000 mg/kg of CmEE when compared with the negative control as shown in Figure 2c contrary to the reduction in number of locomotion and rearing activities. Nevertheless, this unexpected outcome (Rodgers et al. 1992) should inspire further probe into the effects of CmEE on grooming indices. The changes observed in novelty-induced parameters, although not well prominent indicate behavioural-modulating property of C. micranthum in mice (Griebel et al. 1993). This may justify the presence of centrally-acting phytochemicals in the plant extract as previously reported (Carr et al. 2006; Cara et al. 2010; Coulidiati et al. 2011; Halilu et al. 2016; Manzo et al. 2017), which may act perhaps via different mechanisms (Dawson & Watson 2009; Hayes & Schulz 1987).

Furthermore, the elevated plus maze is widely being considered a suitable model for evaluating anxiolytic or anxiogenic potentials of substances in rodents (Amali et al. 2019). It was originally developed by Pellow et al. (1985) and its principle is largely based on the innate aversion of rodents to heights and open spaces. Generally speaking, an anxious rodent prefers the closed arms, thereby spends a relatively longer time therein but little time in the open arms and vice versa. Therefore, anxiolytic drugs increase the time spent in the open arms and increase the number of open arm entries during the test (Akanmu et al. 2011). These responses have to be unconditioned to prevent bias, thus enabling optimal measurement of anxiety in the animal (Clement & Chapouthier 1998). In this model, it has been proven that the amount of time spent in the closed and open arms can be interpreted into the anxiolytic state of the animal (Clement & Chapouthier 1998; Griebel et al. 1993). The model was therefore employed to further evaluate the effects of ethanolic leaf extract of C. micranthum in mice. None of the tested doses of ethanolic leaf extract of C. micranthum was found to have a significant effect either on the frequency of the open or closed arm entries as shown in Figure 3a. Contrarily, all the extract-treated groups showed significant increase in percentage time spent in the open arm in a dose-dependent pattern when compared with the saline group as shown in Figure 3b and c. Similarly, the determination of the ‘index of open arm avoidance’ revealed significant decreases in dose-dependency in the groups treated with 1000 and 2000 mg/kg of CmEE when compared with saline group as presented in Table 2. This is suggestive of an aversion that can be interpreted as an anxiolytic effect (Trullas & Skolnick 1993). Hence, 1000 and 2000 mg/kg of CmEE showed dose-dependent anxiolytic potentials in mice. These findings therefore justify the ethnomedicinal use of C. micranthum in the management of anxiety disorders. Thus, C. micranthum could be considered a promising ‘lead’ drug to be developed as a therapeutic agent indicated in anxiety disorders.



[image: JOMPED-4-97-T2.jpg]

Conclusion

This study evaluated the acute toxicity, behavioural effect and anxiolytic potential of the CmEE in mice. The CmEE is a non-toxic herbal regimen. The preliminary data indicated that it modulates behavioural paradigm and possesses a dose-dependent anxiolytic effect in mice. Hence, our findings have therefore provided scientific basis for its ethnomedicinal use in anxiety disorders. However, further studies to ascertain the effects of CmEE on features of grooming, characterisation of possible neurotransmitters and elucidation of specific receptors or pathway(s) involved in its neural mechanism(s) of action are thus recommended.
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TABLE 2: Index of open arm avoidance values of ethanolic extracts of controls
and ethanolic extract of Combretum micranthum.

Treatment group Frequency of Time spent in the Index of open
entries (%) open arms (%) arm avoidance

Normal saline 59.9 236 58.3

Diazepam 47.0 50.8 511

500 mg/kg 51.0 333 57.9

1000 mg/kg 60.7 416 489

2000 mg/kg 61.7 55.4 414
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TABLE 1: Result of acute toxicity assay of ethanolic leaf extract of Combretum
micranthum at a dose of 2000 mg/kg using Organization for Economic
Cooperation and Development method.

Number of animals Dose (mg/kg) Mortality
6 2000 Nil

Thus, CmEE displayed very low toxicity for oral administration in mice at LD, > 2000 mg/kg.
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FIGURE 1: A picture of Combretum micranthum plant (G. Don).
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FIGURE 3: Assessment of the frequency and duration of entries into the open arm of the elevated plus maze in mice administered 500, 1000 and 2000 mg/kg of ethanolic
leaf extract of Combretum micranthum, 1 mg/kg diazepam and normal saline in mice. (a) The frequency (b) duration in seconds and (c) percent of the total time spent in
the open arms of the elevated plus maze in response to ethanolic leaf extract of C. micranthum, diazepam and normal saline in mice. Data are expressed as mean *
standard error of mean (S.E.M.) and analysed using Student’s-7 test with » < 0.05 considered as significant.





OPS/JOMPED-4-97-E1.jpg
b A ]

x Eqn 1
et of ol e 10 [Eqn1]

Percentage yield =





OPS/JOMPED-4-97-F2.jpg
200

150 -

100 -

50

Frequency of locomotion in 10 minutes

Frequency of rearing

Normal  Diazepam 500

saline 1mg/kg me/kg
Dose of drug

1000 2000 Normal Diazepam 500 1000 2000
mg/kg mg/kg saline 1 mg/kg mg/kg mg/kg mg/kg

Dose of drug

150

100

Frequency of grooming (10 minutes)

Normal Diazepam 500 1000 2000
saline 1me/kg mg/kg me/kg me/kg
Dose of drug

FIGURE 2: Frequency of grooming in mice administered 500, 1000 and 2000 mg/kg of ethanolic leaf extract of Combretum micranthum, 1 mg/kg diazepam and normal
saline in mice. Data are expressed as mean * standard error of mean (S.E.M.) and analysed using one-way analysis of variance (ANOVA) with p < 0.05 considered as

significant.





