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Evidence of Importance of Eucalyptus alba Reinw Ex. Blume (Mytarceae) in Regulation of Reproductive Outcomes, Offspring’s organs and Acetylcholinesterase level in Prenatal Stress during gestation in Rats 
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ABSTRACT 
	Aim: Prenatal stress is associated with many disorders in both mother and offspring. This study evaluates the protective capacity of Eucalyptus alba against prenatal stress induced maternal reproductive outcome, acetylcholinesterase activities and litters organ indices in post-prenatal stress in rats. 
Methodology: Forty-five gravid albino rats were divided into 9 groups, all except the normal group, were subjected to stress prior and treated during gestation with extracts at different doses. Aqueous and ethanol extracts of E. alba were administered at doses of 100 mg/kg, 200 mg/kg and 400 mg/kg respectively until delivery. After delivery, each mother and its litters were isolated and kept for 21 days. Five litters of each group were randomly selected and sacrificed to pursue the study. 
Results: Results showed a high miscarriage rate (66%), offspring mortality rate (76.6%) and low birth weight in the vehicle group compared to miscarriage rate (27.6%), offspring mortality rate (23.3%) and birth weight in E. alba treated groups (p<0.001). In addition, compared to prenatally stressed litters a decreased in brain (P=0.0080), kidney (P<0.001) and liver (P<0.001) indices and acetylcholinesterase activity (p<0.001) in litters prenatally stressed upon administration of E. alba leaf extracts to the mother during the gestation period. 
Conclusion: The obtained results give evidence that aqueous and ethanol leaf extracts of E. alba have protective impact against prenatal stress induced maternal reproductive outcome, litters organ indices and acetylcholinesterase activity
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1. INTRODUCTION

Early life is one of the most important and sensitive periods during the development of an individual. During intrauterine life the developing body is extremely susceptible to environmental adversities since it undergoes dynamic changes [1]. Prenatal stress (PS) is the result of fetal exposure to the elements of stress response in pregnant individuals, and has been related to cognitive deterioration in the offspring during adulthood [2]. Exposure of pregnant individuals to stress can lead to several adverse outcomes such as high miscarriage [3], low birth weight [4], increased preweaning mortality [5], fetal growth restriction and retardation [6]. These impairments of reproductive outcomes are triggered by stress-inducing factors which are more established in individuals susceptible to a physiological stress response [7]. 
The stress response leads to ‘‘programming’’ which is the ability of an organism to alter its later phenotype according to the environmental condition experienced during early life. Programming effects could be demonstrated in nearly every organ system of offspring e.g., liver, heart, kidney [6], skeletal muscle, brain and immune system [8] because during early pregnancy, many cells are still omnipotent and the potential impact of environmental conditions are more detrimental as the phenotype is affected according to the organ system under development [9]. Stress also alters the levels of neurotransmitters and hormones that regulate brain activity and mood [10]. Thus, disturbances in one organ or tissue can compromise the function of several others [11].
Many commercial drugs like imipramine, prozac, sertraline is actually used for the treatment of stress even though with many side effects like drowsiness and nusea but they are not recommended during pregnancy. Therefore, search for new treatment of stress which is safer, cheap, readily available and will take in consideration the pregnant state is necessary. Medicinal plants have for long been used as a source of relief either in the form of traditionally prepared concoctions or in the form of pure active principles to prevent and alleviate a wide variety of diseases empirically, including dysfunctions induced by prenatal stress [12]. In the North West region of Cameroon, E. alba is one of the medicinal plants recommended for the control of prenatal stress effects notably during pregnancy. So far there is no scientific evidence on this plant regarding its stress alleviating effects in litter and mother, this study therefore has brought out the evidence that E. alba may prevent the impact of stress during gestation on reproductive outcome and litter’s development. 

2. material and methods

2.1. Study area
This study was carried out at the Zoology and Biochemistry Laboratory of the University of Bamenda (Cameroon) from October 2023 to December 2024.
2.2. Plant collection and identification
Eucalyptus alba leaves were collected from the North West region of Cameroon in October 2023 and confirmed in comparison with the Meijer’s materials W.15004 of specimen of the herbarium’s collection (No: 59281 SRFCam) at the National herbarium of Cameroon. Later, leaves were collected, washed and air dried at room temperature. The dried leaves were ground into powder using electric blender and sieved to obtain fine powder. 
2.3. Extraction
To have the aqueous extract, 200 g of the powder was boiled in 2 L of distilled water for 20 minutes and allowed to cold at room temperature, while 200 g of the powder were macerated with 2 L of ethanol for 48 hours to have the ethanol extract. Preparations were then filtered using Whatman No. 1 filter paper. The filtered, evaporated in an oven at a temperature of 40ºC. Recorded mass led to an extraction yield of 10.85% and 10.23% for the aqueous extract and ethanolic extract respectively.
2.4. Animal material
Female virgin rats of reproductive age (8 weeks) and fertile males of Wistar albino (Rattus norvegicus), weighing 150 ± 4 g, were obtained from Yaoundé, Cameroon and kept in the animal house of the University of Bamenda for one week before initiation of the experiments for acclimatization. Rats were handled according to the Cameroon National Veterinary Laboratory guideline on the use of laboratory animals for scientific research as a reference by the approval and health control No 003/19 CCS/MINEPIA/RD-NW/DDME/SSV.
2.5. Pretest selection of animals.
After acclimatization, forced swim test [13; 14] and Sucrose preference test [15] were used to select non stressed animals since animals were supposed to be stress free before undergoing the experiment. Animals that were free from any sign of stress were selected for the experiment. They were housed with males (ratio male/female: 1/1) overnight for mating and vaginal smear was microscopically observed daily to identify the presence of sperms. The presence of sperms in the vaginal smear was considered day one of gestation, and such females were selected for the study.
2.6. Grouping of animals, stress induction and treatments
A total of 45 selected gravid animals were randomly assigned into 9 groups of 5 animals each. Group 1 was made of non-stressed and received no treatment (Normal). Animals of group 2 were stressed and received 5 ml/kg of distilled water (Vehicle group). Those of group 3 were stressed animals and received 1 mg/kg of diazepam intramuscularly every 24 hours (positive control group). Lastly, animals of groups 4, 5, 6, 7, 8 and 9 were stressed and received the various doses of the extracts (100, 200 and 400 mg/kg). The stressors were congestion and bright light and were applied in an alternated times daily [16, 14] and treated daily until the day of delivery. 
After delivery, each mother and its litters were isolated and kept under standard conditions for 21 days. Frequency of pregnancy, cases of miscarriages, number of offspring per animal, number of deaths during first week and the weight of offspring after 21 days were recorded to assess the pregnancy outcomes. 
2.7. Sacrifice, organs collection and organ indices calculation
Randomly selected pups from each group were weighed, anesthetized with the combination of diazepam (10 mg/kg) and ketamine (50 mg/kg) and sacrificed. Brains and other vital organs like hearts, livers and kidneys were dissected out, their weights taken and later, the cerebral hemisphere of each brain was homogenized and used to evaluate acetylcholinesterase activity.
2.8. Organ indices 
 The effect of prenatal stress on the organ indices of litters was calculated doing the ration between the weight of the organs and the weight of each animal recorded before sacrifice all multiplied by 100.
 2.9. Assessment of acetylcholinesterase activity 
Acetylcholinesterase activity in the brain was measured by a rapid colorimetric method described by Ellman, [17].
In brief, five hundred milli litters (500 mL) of 0.1 M Sodium phosphate buffer pH 7.4 was prepared from Sodium monophosphate (NaH2PO4) and Sodium Hydroxide (NaOH). [(6.90g NaH2PO4, and 23.3 mL of 2 M NaOH in a final volume 500 mL of distilled water) and pH adjusted using 3 M NaOH to 7.4. Twenty-four milli litters (24 mL) of 2 mM Stock DTNB solution was freshly prepared by dissolving 19.0 mg of DTNB in 24 mL of PB pH 7.4). Twenty-two milli litters (22 mL) of 10 mM acetylcholine thioiodide substrate was freshly prepared by dissolving 63.62 mg of acetylcholine thioiodide in 22 mL of PB and stored in ice. 
A four hundred times dilution of the sample was done by pipetting 100 μL of brain homogenate into 1900 μL of 0.1 M PB pH 7.4 in the first set of cuvettes and mixed then 250 μL of this diluted homogenate was transferred using a pipette into the second set of cuvettes containing 750 μL of Sodium PB pH 7.4 and mixed to obtain 400 times diluted homogenate samples. Five hundred micro litters (500 μL) of 400 times diluted samples from each rat were placed in duplicates in the third set of cuvettes. 500 μL of freshly prepared 2 mM solution of DTNB prepare in 0.1 M Sodium PB pH 7.4 was added and incubated for 10 minutes at room temperature. 1000 μL of freshly prepared 10 mM substrate (acetylcholine thioiodide) was added and the absorbance was read at 5-minute intervals for 20 minutes at 405 nm using a spectrophotometer. Acetylcholinesterase activity was calculated and expressed as change in absorbance/minute / 0.5 mL of diluted brain homogenate. The blank consisted of all the reagents except that brain homogenate was replaced with 500 μL of 0.1 M Sodium PB, pH 7.4. The linearity of the curve ΔAbs = f (t) was confirmed between 15 minutes and 5 minutes. Serum activity of acetylcholinesterase was determined and expressed as change (Δ) in absorbance per minute as follows:          
 AChE activity   = ((A15mins - Blk15mins) – (A5mins – Blk5mins))/(15mins – 5mins)
2.10. Statistical analysis
All data were analyzed using Graph Pad Prism version 8.01 software, via one-way analysis of variance (ANOVA) followed by Turkey pairwise-test and results expressed as mean standard error mean (±SEM).  A signiﬁcant diﬀerence was considered at p<0.05 and a t test was further carried out to differentiate the means between the different groups.
3. results and discussion

3.1. Effect of aqueous and ethanol extracts of E. alba leaf administration during pregnancy on reproductive outcomes and offspring parameters in prenatal stress.
There was no significant difference observed across the groups in the frequency of pregnancy meanwhile the rate of miscarriage was highest in the vehicle group (66%) compared to the normal group (0%) as seen on Table 1. However, doses 100 mg/kg and 400 mg/km of the aqueous extract and dose 400 mg/kg of the ethanol extract had 25% of miscarriage rate compared to the vehicle group but the rest of the groups did not record any miscarriages.
Number of offspring in each pregnancy across all the experimental groups did not show any significant difference but neonate mortality rate after the first week of delivery was significantly highest in the vehicle group (76.60%) compared to the normal group (16.00%). This was followed by 27.60% in dose 100 mg/kg of the aqueous extract, 23.30% in dose 400 mg/kg of the aqueous extract, 23.10% in dose 400 mg/kg of ethanol extract, 16.10% in dose 200 mg/kg of the aqueous extract, 14.30% observed in dose 100 mg/kg of the ethanol extract, 21.10% in the positive control group (DZP) and 0% in dose 200 mg/kg of the ethanol extract.
The weight of offspring was significantly decreased in the vehicle group (p<0.001) compared to the normal. Decrease in weight observed the vehicle group was ameliorated upon the administration of both the aqueous and ethanol extracts of E. alba (p<0.001), thereby bringing about increase in the body weight compared to the vehicle group. 
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Table 1: Pregnancy frequency, miscarriages and offspring’s number, mortality and weight following the administration of aqueous and ethanol extracts of E. alba in prenatal stress in rats
	Test Parameters
	Types of Extract
	Controls
	Extracts doses (mg/kg)
	ANOVA significance
(F; P value)

	
	
	NCG
	VCG
	DZP
	100
	200
	400
	

	Pregnancy 
(Frequency (%))
	AEA
	6(60)
	6(60)
	4(40)
	8(80)
	8(80)
	8(80)
	-

	
	EEA
	6(60)
	6(60)
	4(40)
	6(60)
	6(60)
	6(60)
	-

	Percentage of miscarriages
(%)
	AEA
	0
	66
	0
	25
	0
	25
	-

	
	EEA
	0
	66
	0
	0
	0
	25
	-

	Number of offspring in
each pregnancy
(Mean ± SEM)
	AEA
	8.3±1.20
	7.0±1.15
	9.5±0.50
	7.2±1.44
	7.8±0.63
	7.5±1.55
	F(5, 14) = 0.37; p=0.85

	
	EEA
	8.3±1.20
	7.0±1.15
	9.5±0.50
	9.3±0.88
	6.0±1.15
	8.7±0.88
	F(5, 11)= 1.68; p=0.21

	Mortality rate of offspring during first week (%)
	AEA
	16.00
	76.60
	21.10
	27.60
	16.10
	23.30
	-

	
	EEA
	16.00
	76.60
	21.10
	14.30
	0
	23.10
	-

	Weight of offspring 
(Mean ± SEM)
	AEA
	16.9±0.92a
	5.6±0.53b
	9.0±0.20†
	12.9±0.91#
	15.6±1.09#
	16.6±0.78#
	F(5, 151) = 23.65; p<0.001

	
	EEA
	16.9±0.92a
	5.6±0.53b
	9.0±0.20†
	15.1±0.47#
	17.4±0.72#
	11.7±0.88#
	F(5, 131) = 42.14; p<0.001


Letters a and b indicates the difference between normal group (NCG) and vehicle group (VCG) at p<0.05.  †p<0.05 and #p>0.001 indicate the difference compared to the vehicle group (VCG).  DZP: positive group taken diazepam. AEA: aqueous extract. EEA: ethanol extract.

3.2. Effect of aqueous and ethanol extracts of E. alba leaf administration during pregnancy on some organ indices in prenatally stressed litters.
Brain indices of rats (Table 2) in the vehicle group (VCG) were observed to have a significant decrease (P<0.01) compared to the normal group (NCG). This decrease in the brain indices of rats in different groups treated with various doses (100mg/kg, 200mg/kg and 400mg/kg) of both aqueous and ethanol extracts presented to have been reversed by the therapeutic effects of E. alba (P<0.01) thereby increasing them closer to that of the normal control group. Also, the positive control group (DZP) was observed to have reversed the effect of prenatal stress (P<0.01) compared to the vehicle control group.
A significant decrease in heart index was recorded in the vehicle group (p<0.05) compared to the normal group. A significant increase (p<0.05) in heart index observed in the groups treated with both extracts of E. alba and that of the positive control compared to the vehicle group suggest that the plant has the potential to reverse the effects of prenatal stress on organ weight. 
Kidney index in the vehicle group was significantly decreased (p<0.001) compared to the normal group. Different doses of both the aqueous and ethanol extract of E. alba demonstrated a significant increase in kidney index (p<0.001) compared to the vehicle group. The positive control group as well portrayed an increase (p<0.001) in kidney index compared to the vehicle group. 
A decrease in liver index was recorded in the vehicle group (p<0.001) compared to the normal group as a result of prenatal stress. This was reversed upon administration of the different doses of both extracts of E. alba (p<0.001) evaluated; increasing it close to normalcy. An increase in liver index (p<0.001) was also observed in the positive group compared to the vehicle control group.	
Table 2: Organ indices of offspring following the administration of aqueous and ethanol extracts of E. alba in prenatally stressed young rats
	Test parameters
	Types of extract
	Controls
	 Extract doses (mg/kg)
	Significance
(F; P value)

	
	
	NCG
	VCG
	DZP
	100
	200
	400
	

	Brain index (%)
	AEA
	4.7±0.66b
	2.6±0.02b
	4.1±0.07≠
	4.0±0.43≠
	2.9±0.17≠
	3.7±0.47≠
	F(5, 24) = 4.08
P=0.0080

	
	EEA
	4.7±0.66b
	2.6±0.02b
	4.1±0.07≠
	3.9±0.05≠
	3.7±0.44≠
	3.9±0.29≠
	F(5, 24) = 3.84
P=0.0106

	Heart index (%)
	AEA
	0.6±0.04b
	0.5±0.03b
	0.6±0.04†
	0.6±0.05†
	0.5±0.03 ns
	0.6±0.02†
	F(5, 24) = 1.42
P=0.2512

	
	EEA
	0.6±0.04b
	0.5±0.03b
	0.6±0.04†
	0.6±0.03†
	0.6±0.03†
	0.6±0.01†
	F(5, 24) = 0.79
P=0.5631

	Kidney index (%)
	AEA
	1.3±0.05a
	0.9±0.02b
	1.2±0.09#
	1.0±0.04#
	1.0±0.04#
	1.1±0.01#
	F(5, 24) = 9.24
P<0.001

	
	EEA
	1.3±0.05a
	0.9±0.02b
	1.2±0.09#
	1.2±0.03#
	1.1±0.05#
	1.2±0.15#
	F(5, 24) = 3.59
P=0.0143

	Liver index (%)
	AEA
	3.7±0.18a
	3.2±0.12b
	3.7±0.05#
	3.5±0.21#
	3.6±0.03#
	3.4±0.16#
	F(5, 24) = 1.81
P=0.1484

	
	EEA
	3.7±0.18a
	4.6±0.09b
	3.7±0.05#
	3.4±0.08#
	4.6±0.09#
	3.4±0.12#
	F(5, 24) = 15.53
P<0.001


Letters a and b indicates the difference between normal group (NCG) and negative group (VCG) at p<0.05.  nsp>0.05 and #p>0.001 indicate the difference compared to the negative group (VCG).  DZP: positive group taken diazepam. AEA: aqueous extract. EEA: ethanol extract.

3.3. Effect of aqueous and ethanol extracts of E. alba leaf administration during pregnancy on acetylcholinesterase concentration in prenatal stressed litters
The exposure of pregnant rats to stressors during gestation significantly reduced (p<0.001) level of the acetylcholine esterase activity in the brain homogenate of litters (VCG) compared to that of litter of the normal rats (NCG) (Figure 1). In pregnant rats exposed to stressors and given the extracts of E. alba or diazepam during gestation, the activity of acetylcholine esterase in the brain homogenate was high (p<0.001) compared to that of litters of the negative group (VCG). This high activity of acetylcholine esterase in litters brain was observed in all groups administered the extracts (aqueous and ethanol) except for those that took the aqueous extract at dose 200 mg/kg (P>0.05). 
[image: ]
[bookmark: _Toc181099266][bookmark: _Toc181099397]Figure 1: Effects of aqueous and ethanol extracts of E. alba on ACHE concentration in prenatally stressed young rats at p<0.05. Bar charts represent means ± SEM (n=5).  Letters a and b indicates the difference between normal group (NCG) and negative group (VCG).  nsp>0.05 and #p>0.001 indicate the difference compared to the negative group (VCG).  DZP: positive group taken diazepam. AEA: aqueous extract. EEA: ethanol extract.
[bookmark: _Hlk192491090]DISCUSSION
[bookmark: _Hlk192491213]Antenatal maternal stress can lead to adverse effects both to the mother and the fetus. The aim of this work was to assess the protective capacity of Eucalyptus alba against prenatal stress induced maternal reproductive outcomes, on the activity of acetylcholinesterase and litters relative weight of organs postnatally. In the present study, the rate of miscarriage was very high in the vehicle group compared to the normal group. This could have resulted from impaired blood flow to the uterus and placenta which can be caused by vasoconstriction in the pregnant dams. Another reason could be an inflammatory response triggered by prenatal stress which disrupted the immune environment necessary for supporting the developing fetus, thus increasing the risk of miscarriage. This study mirrors the previous study of Amankra and Luchok, [18] who reported preterm births and low birth weights in children as a result of maternal stress. Unlike the vehicle group, E. alba aqueous and ethanol leaf extract treated groups ameliorated the effects of prenatal stress that was evidenced by very minimal miscarriage rate. This proposes that these plant extracts can improve immune function or modulate inflammatory response by creating a more favorable environment for fetal development and reducing the risk of miscarriage. 
[bookmark: _Hlk192491365]The results of this work also showed that prenatal stress increased A the mortality rate of offspring during the first week of delivery. This could be that prenatal stress negatively impacted the physical and neurological development of the offspring which may have manifested in low birth weight, developmental delays or other health issues that increased vulnerability and mortality in the neonate. Another reason could be that the neonates’ immune system was compromised during prenatal stress which made the new born more susceptible to infections and diseases, contributing to higher mortality rate [19]. Mortality rate of offspring during the first week of delivery was at its lowest in E. alba treated groups. This could be attributed to the neuroprotective or/and immunoprotectve properties of the plant that could support the development of the fetal brain and nervous system and a performant immune system which enabled the neonates to survive after birth. It could also mean that the plant extracts modulated the maternal stress hormones which helped in minimizing its negative effects on the developing fetus; leading to healthier offspring with better survival rates. 
Low birth weight was also induced by prenatal stress as observed in the vehicle group compared to the normal and treated groups. Prenatal stress increases maternal stress hormones like glucocorticoids and the increased levels restrict blood flow to the placenta, impairing nutrients and oxygen delivery to the fetus which can result in low birth weight [18;20].  Plant extracts alleviated the reduction of birth weight induced by prenatal stress. This suggests that the plant extracts had the ability to reduce the levels of stress hormones (glucocorticoids), improved placental function, enhanced nutrient transfer and overall maternal health which collectively promoted healthier fetal development and contributed to higher birth weights in offsprings. These results agree with those of Fotsing et al., [21] who reported the effects of Gladiolus dalenii on the neurochemical, and reproductive changes in rats. 
Brain weight reduction and microencephaly (defined as reduced brain weight relative to body weight) is a key indicator of the central nervous system dysfunction. In this study, a decrease in brain, heart, kidney and liver relative weight was observed in litters prenatally stressed. This could be as a result of developmental disruption in the fetus since stress hormones such as glucocorticoids can cross the placenta and affect the developing brain and organs; potentially leading to altered neurodevelopment and smaller brain and organ sizes [22]. Prenatal stress may have also interfered with neurogenesis and the survival of neural cells in the brain; leading to reduced number of neurons and smaller overall brain size [20]. Prenatal stress also affects maternal blood flow and oxygen delivery to the developing fetus which can lead to insufficient oxygen and nutrient delivery to the developing organs, thereby affecting the proliferation and differentiation of body organs [20]. Different doses of the extracts of E. alba administered to rats resulted to increased organ weights closed to those of the normal group opposed to those of the vehicle control group. This increase in organ weights observed in this study after treatment is a sign that these extracts of E. alba content bioactive compounds that have the potential to reduce the production of glucocorticoids during stress situations, thus protects brain cells from damaging effect of stress. 
Acetylcholine is a neurotransmitter that plays a very vital role in the central and peripheral nervous systems to ensure the transfer of signals between neurons in the central nervous system, while relaying nerve impulses to the muscles in the peripheral nervous system. The levels of acetylcholine are continuously regulated by the hydrolytic enzyme acetyl cholinesterase (AChE), which rapidly degrades acetylcholine both in the periphery and in the brain. In the current study, prenatal stress significantly decreased the activity of brain acetylcholinesterase consequently increased acetylcholine level. The increase in the concentration of acetylcholine in the brain of treated rats were brought about by the inhibition of AChE activity, preventing the breakdown of acetylcholine and hence leading to over increased communication between the nerve cells that use acetylcholine as a chemical messenger therefore induce neurotoxicity [23]. This excessive increase in the acetylcholine level may have led to behavioral, cognitive and motor dysfunctions and could be an additional mechanism of neurotoxicity of prenatal stress in rats. The administration of the extracts of E. alba reversed the inhibitory effect of prenatal stress on acetylcholinesterase activity. This suggests that the plant possess active ingredients that have the ability to prevent effects of prenatal stress-induced neurotoxicity by acting directly on acetylcholinesterase enzyme in the brain. These results mirror with those previously presented by Dchanche et al., [24] where administration of Ocimum gratissimum  significantly increased the AChE activity in different regions of rat brain. 
Obtained results show that ethanol extract is most active in ameliorating the effects of prenatal stress than the aqueous extract. Dose 200 mg/kg appeared to be the best evidenced with 0% rate of miscarriage, 0% mortality rate of offspring during first week of delivery and increased offspring weight of to that of the normal. With this in view, it will be more preferable to use E. alba leaf extract than diazepam to suppress the effects of stress since it is natural, cheap, very accessible to a local man and highly effective in reversing the effects of prenatal stress. 
CONCLUSION
The findings of this study demonstrate that Eucalyptus alba extracts exhibit a significant protective effect against the adverse outcomes of prenatal stress on maternal reproductive health and fetal development. The plant extracts reduced miscarriage rates, lower neonatal mortality, and improved offspring birth weights. Furthermore, the E. alba extracts helped to normalize organ weights and counteract neurotoxic effects associated with prenatal stress, potentially by modulating acetylcholinesterase activity. Future studies should explore the specific bioactive compounds responsible for these effects and further evaluate their clinical relevance in prenatal care.
[bookmark: _GoBack]Consent 
No applicable 
Ethical approval
Rats were handled according to the Cameroon National Veterinary Laboratory guideline on the use of laboratory animals for scientific research as a reference by the approval and health control No 003/19 CCS/MINEPIA/RD-NW/DDME/SSV.”
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