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Abstract 

In order to understand the health promotive, rejuvenative and disease preventive approach of the 

Ayurvedic system of medicine in the light of current principles, we examined two Rasayana 

formulations, viz., Kalayanaka Ghrita (KG) and Saraswata Ghrita (SG) for their effects in 

Alzheimer’s (AD) and Huntington’s (HD) neurodegenerative disease models of Drosophila. 

Initial experiments involving feeding of wild type flies on food supplemented with 0.05%, 0.25% 

and 0.5% (w/v) KG or SG revealed 0.05% to be without any adverse effect while higher 

concentrations caused dose-dependent reduction in pupation frequency and adult life span in 

wild type flies. Rearing GMR-GAL4>127Q (HD model) and ey-GAL4>Aβ42 (AD model) larvae 

and adults on 0.05% or 0.25% SG or KG supplemented food enhanced the otherwise 

significantly reduced larval lethality and enhanced their median life span, with the 0.25% SG or 

KG concentrations being less effective than the 0.05%. In parallel with the better larval survival 

and enhanced adult life span, feeding the HD and AD model larvae on either of the Ghrita 

supplemented food (0.05% and 0.25%) substantially reduced the polyQ aggregates or amyloid 

plaques, respectively, in the larval eye discs. The present first in vivo organismic model study 

results have clinical implications for the increasing burden of age-associated dementia and 

neurodegenerative diseases like AD and HD in human populations.  
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1. Introduction 

Dementia is a group of age-associated and other specific medical conditions due to some 

abnormal brain changes that impair the person’s cognitive ability and hamper daily living 

(Jameson, 2018). Some of the major clinical conditions are Alzheimer’s disease (AD), vascular 

dementia, Lewy body dementia and frontotemporal dementia. In addition, Parkinson’s disease, 

Huntington’s disease (HD), Progressive supra nuclear palsy, Creutzfeldt-Jakob disease, and other 

conditions like prion disease, neurosyphilis and any traumatic encephalopathy also cause 

dementia (Jessen et al., 2020). 

AD, contemporarily the most common cause of neurodegenerative disorders, is associated with 

progressive decline of memory and cognition (Albert et al., 2011). Characteristic pathology of 

AD includes, besides the progressive memory loss, accumulation of Amyloid-β (Aβ) plaques, 

hyper-phosphorylated Tau protein based neurofibrillary tangles, and synaptic loss particularly 

due to deficiency of acetylcholine and consequent degeneration of cholinergic neurons in cortex, 

hippocampus etc. The earliest pathology is perhaps the oxidative stress, leading to accumulation 

of Aβ plaques and neuro-fibrillary tangles (Nunomura et al., 2001). Currently it has become the 

most significant challenge that affects social, medical as well as economic sector (Polis and 

Samson, 2019).  

HD is a progressive neurodegenerative disorder, associated with chorea, progressive cognitive 

impairment and behavioral issues, and belongs to a class of inherited neurological diseases 

caused by expansion of the CAG- nucleotide repeats, leading to extensive polyQ (poly-

glutamine) tracts in their respective protein products (Zoghbi and Orr, 2000; Mallik and Lakhotia 

2010). Proteins with expanded polyQ tracts form cytoplasmic and nuclear protein aggregates 

which are preferentially toxic to neurons, e.g., the medium spiny neurons of striatum and certain 

subsets of neurons in the cortex, leading to neurodegeneration and chorea (Beal et al., 1993).  

Dementia is a common feature in both AD and HD. AD affects storage and/or retrieval of 

semantic memory (Rohrer et al., 1999). Alzheimer’s condition is also suggested to contribute to 

the cognitive decline in elderly Huntington’s patients (Davis et al., 2014).  
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In view of the severe physical, mental, emotional and financial stress faced by dementia patients, 

their families and caregivers, many therapeutic applications have been developed (Jessen et al., 

2020; Livingston et al., 2020). However, most of these offer only marginal benefits since they 

mostly target symptoms rather than the root cause/s. Further, reversal of cognitive decline 

through such therapies in some cases is also reported to be associated with other complications 

(Pickett et al., 2018). In this context, use of complementary, traditional and alternative medicine 

approaches may be more effective (Lakhotia, 2019; Sharma et al., 2021). 

The potential role of indigenous traditional knowledge systems in preventing and treating various 

clinical conditions is gaining wide acceptance and approval by the World Health Organization 

(WHO, 2013). Ayurveda is one of the oldest and widely practiced traditional systems of 

healthcare in India, Sri Lanka, Nepal and other regions in South Asia. In order to provide 

effective health care to populations, the societies must consider integrating the available 

traditional knowledge systems with the different prevalent practices (Lakhotia 2020).  

Ayurveda prescribes individualized lifestyle, dietary and other interventions for prevention and 

management of various health conditions. Among the available traditional approaches, the 

Rasayana group of preparations hold a high potential for treating cognitive impairments. The 

mostly poly-herbal Rasayana formulations are prepared using well-defined complex preparatory 

processes. Many of the component herbs or their ‘active principle molecules’ have been 

evaluated for their antioxidant, free radical-scavenging and neuro-protective properties through 

experimental, preclinical and clinical studies (Farooqui et al., 2018). Ashwagandha, Brahmi, 

Shankhpushpi, Madukparni, Jatamansi have been studied for their nootropic properties (Nahata 

et al., 2008; Russo et al., 2001;Begum et al., 2008; Stough et al., 2008; Matsuda et al., 2001; 

Ganguli et al., 2000; Uabundit et al., 2010; Sultana et al., 2005; Kumar et al., 2012). However, 

the Ayurvedic approach typically involves administration of Rasayana that contain multiple 

herbs and/metals or other components processed through various pharmaceutical steps to 

produce the given formulation. Therefore, rather than evaluating individual components, 

assessing efficiency of Ayurvedic preparations in the form in which they are prescribed in 

traditional practice is a better approach to ascertain their potential in treatment and the 

mechanisms underlying their therapeutic applications (Lakhotia 2019, 2020).   
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In the present study, we used Saraswata ghrita (SG) and Kalyanaka ghrita (KG), which are 

commonly prescribed ghee-based interventions for dementia, AD and HD conditions. Ashtanga 

Hridaya, a classical Ayurveda textbook composed by Vagbhata around 6th Century AD, also 

indicated these formulations for persons with loss of memory, dementia and impairment of 

higher intellectual functions. (Murthy, 2009).  In the present study, we examined biological 

effects of SG and KG in Drosophila melanogaster (fruit fly) model. In recent years, the 

Drosophila  fly model has emerged as a very powerful model for health-related issues since 

many human diseases, especially the diverse neurodegenerative disorders, have been modelled in 

flies to understand the molecular bases of their pathology and identification of the affected 

gene/s, which opens the possibilities of developing new therapeutics (Bilen and Bonnini, 2005; 

Mallik and Lakhotia, 2010; Pussing et al, 2013; McGurk et al., 2015); Perrimon et al 2016; 

Chow and Reiter, 2017; Oriel and Lasko 2018; Bellen et al 2019). Earlier studies (Dwivedi et al, 

2012; 2013, 2015) have established the fly as a good model for examining effects of various 

Ayurvedic Rasayanas at organismic, tissue and molecular levels. Results of the present study 

show that at low dosages, neither of these ghrita formulations have any adverse effect on life-

history parameters of the organism. More significantly, both these ghritas substantially suppress 

the polyQ inclusion bodies and the amyloid plaques in HD and AD transgene expressing tissues, 

respectively. This is associated with significant improvement in survival of the afflicted 

individuals. It is also notable that while higher dietary concentrations of KG and SG are 

deleterious for wild type flies, they provide protective advantages to organisms expressing AD or 

HD symptoms. 

2. Materials and Methods 

2.1 Rasayana Formulations: Saraswata ghrita and Kalyanaka ghrita, the two formulations 

used in this study, were obtained from the Arya Vaidyasala, Kottakkal (India). Their contents are 

shown in Table 1. 

Table I. Components of Kalyanaka Ghrita and Saraswata Ghrita as per Ayurvedic 

Pharmacopoeia of India, Department of AYUSH, GOI for 10g of final preparation 

Kalyanaka Ghrita Saraswata Ghrita 

Component (Botanical name) Quantity Component (Botanical name) Quantity 
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Ghrita or Ghee  12.723g Ghrita or Ghee 11.826 g 

Amalaki (Phyllanthus emblica) 0.092g Ksheer or Cow Milk 11.130 ml 

Bhadraila (Amomum subulatum) 0.092g Haritaki (Terminlia chebula) 0.174g 

Brihati (Solanum anguivi) 0.092g Maricha (Piper nigrum) 0.174g 

Dadima (Punica granatum) 0.092g Patha (Cyclea peltata) 0.174g 

Danti (Baleospermum montanum) 0.092g Pippali (Piper longum) 0.174g 

Daruharidra (Berberis aristate) 0.092g Saindhava or Rock salt 0.174g 

Devadaru (Cedrus deodara) 0.092g Shunthi (Zingiber officinale) 0.174g 

Ela (Elettaria cardamomum) 0.092g Shigru (Moringa oleifera) 0.174g 

Ervaruka (Prunus avium) 0.092g Vacha (Acorus calamus) 0.174g 

Haridra (Curcuma longa) 0.092g   

Haritaki (Terminalia chebula) 0.092g   

Hima (Santalum album) 0.092g   

Kushtha (Saussurea costus) 0.092g   

Maltimukula (Jasminum grandiflorum) 0.092g   

Manjishtha (Rubia cordifolia) 0.092g   

Nagakeshara (Mesua ferrea) 0.092g   

Nata (Valeriana jatamansi) 0.092g   

Padmaka (Prunus cerasoides) 0.092g   

Phalini (Callicarpa macrophylla) 0.092g   

Prishnaparni (Desmodium gangeticum) 0.092g   

Sariva (Hemidesmus indicus) 0.092g   

Shalaparni (Pseudarthria viscida) 0.092g   

Talishpatra (Abies spectabilis) 0.092g   

Utpala (Kaempferia rotunda) 0.092g   

Utpalasariva (Ichnocarpus frutescens) 0.092g   

Vibhitaki (Terminalia bellirica) 0.092g   

Vidnaga (Embelia ribes) 0.092g   

Vishala (Citrullus colocynthis) 0.092g   

2.1.1 Preparatory procedure: The standard method of preparation of both these formulations, as 

followed at the Arya Vaidyasala, involved washing of the specified quantities of herbal 

ingredients, following which they were dried and reduced to coarse powder with an electrically 
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operated Chopper/ pulverizer. The pulverised herbal combination was ground in electrically 

operated Grinding Stone with the required quantity of water added to obtain a pasty material, the 

kalka. The kalka was then transferred, together with the specified quantity of ghee, to the 

processing pan, a double walled vessel with SS-304 contact surface, for cooking by steam which 

passes through the space between the double walls, so that the skin temperature is not more than 

1000C. During the steam heating, required quantity of water was gradually added to the mixture 

in the pan as the boiling started, which was continued till the kalka attained the specified 

madhyamapaka character. Immediately thereafter, the material was filtered through fine cloth 

filter to collect the processed ghee. The solid debris remaining on the filter was compressed 

using an electrically operated hydraulic press to squeeze out the remaining ghee. This was added 

to the processed ghee and allowed to cool naturally.  

2.1.2 Drosophila rearing and stocks: Drosophila melanogaster stocks were maintained under 

uncrowded condition at 24°C±1°C. Flies were fed on standard fly food containing agar, maize 

powder, yeast and sugar. The following fly stocks were used. 

i.      Oregon R+ - Wild type strain of Drosophila melanogaster. 

ii. w1118; UAS-A𝛽H32.12 ey-GAL4/CyO stock was used for Alzheimer’s model. The UAS-

A𝛽H32.12 transgene is referred to here as UAS-A𝛽42. The UAS-Aβ42 ey-GAL4 larvae show 

accumulation of amyloid protein aggregates in their eye disc cells since the ey-GAL4 

drives expression of the UAS-Aβ42 transgene in developing larval eye discs posterior to 

the morphogenetic furrow to produce the mutant Aβ42 protein. The collected 1st instar 

larvae were mostly UAS-Aβ42 ey-GAL/CyO since all the CyO homozygotes die as 

embryo, while very few UAS-Aβ42 ey-GAL4 homozygotes survive to late larval stage. 

This genotype has been widely used as an AD model since it mimics various symptoms 

of AD, including the characteristic age dependent cognitive decline (Finelli et al 2004; 

Iijima et al 2004). 

iii. w1118; GMR-GAL4 UAS-127Q/CyO-GFP – The GMR-GAL4 driven expression of the 

UAS-127Q transgene leads to accumulation of HA-tagged polyQ inclusion bodies (IBs) 

or polyQ aggregates posterior to the morphogenetic furrow in late 3rd instar larval eye 

discs (Davies et al., 1997; Klement et al., 1998). In this case also, most of the collected 1st 

instar larvae were GMR-GAL4 UAS-127Q/CyO-GFP since while all the CyO-GFP 
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homozygotes die as embryo, very few GMR-GAL4 UAS-127Q homozygotes survive to 

late larval stage.  The accumulation of the IBs disrupts the ommatidial units and leads to 

the irregular axonal projections from the rhabdomeres to the optical lobe of the brain 

(Mallik and Lakhotia, 2010). Consequently, in addition to the extensive presence of IBs, 

disarrayed rhabdomeric complexes and irregularly arrayed or missing axons are 

characteristic features in eye discs of GMR-GAL4>UAS-127Q larvae reared on normal 

food.  

2.1.3 Administration of the ghrita Rasayanas to Drosophila: The desired quantity of the ghrita 

Rasayana was mixed with the freshly prepared fly food just before its solidification following 

the method described earlier (Dwivedi et al 2012). The concentrations (weight of ghrita 

formulation/volume of cooked fly food prior to solidification) of KG or SG in the food were 

0.05%, 0.25%, or 0.5%. After thorough mixing, the food was poured into fly culture bottles, 

vials or petri plates, as required and allowed to cool and solidify before use. In the treatment sets, 

the larvae and flies were allowed to feed continuously on the formulation-supplemented food. 

Parallel controls were kept with larvae and flies reared on normal food without the Rasayana 

supplement. For each experiment, the control and the formulation supplemented food bottles, 

vials/petri dishes were prepared from the same batch of food; likewise, all larvae/adults for a 

given experiment were derived from a common pool of eggs of the desired genotype and reared 

in parallel on the control or formulation supplemented food. Eggs for all experiments were 

collected from flies that had not been exposed to either of these formulations in their lives.  

2.2 Assessment of effects of the formulation feeding on life history traits in wild type flies: 

2.2.1. Larval and pupal development assay – Synchronized freshly hatched 1st instar larvae of 

the desired genotype were collected and transferred to regular (control) or the ghrita Rasayana 

supplemented food vials. Total number of larvae that pupated were recorded in each case. The 

number of pupae that hatched as flies emerging from these pupae were also recorded and 

expressed as % of the original numbers of eggs that were followed through larval and pupal 

development in each case. 

2.2.2. Lifespan assay – This was carried out by rearing freshly eclosed flies, as above, on regular 

or one of the ghrita Rasayana supplemented food since the 1st instar larval stage. After every 2-3 
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days, dead flies in the given bottle were recorded and the surviving flies were transferred, 

without anaesthetization, to fresh bottles with respective control or supplemented food. This was 

repeated till 60 days after eclosion. The median life span, estimated by identifying the day when 

50% of the original sample size is dead, was calculated for each set. 

All experiments were carried out at 24±1° in four replicates, with 100 wild type or 80 disease 

model 1st instar larvae as the starting material in each. 

2.3 Immunostaining: Eye imaginal discs from late third instar larvae of the desired genotypes 

(see Results) were dissected out, fixed and immunostained as described earlier (Prasanth et al, 

2000). The following primary and secondary antibodies were used as required. The Anti-HA 

rabbit polyclonal antibody (Y-11, sc-805, Santa Cruz, USA), raised against a peptide of the 

influenza haemagglutinin (HA) protein, was used for immunostaining of the HA-tagged 127Q 

polypeptide at a working dilution of 1:40. The mAb22C10 mouse monoclonal antibody 

(Developmental Studies Hybridoma Bank, Iowa) was used to stain the peripheral neurons and a 

subset of the central nervous system neurons at 1:100 working dilution. The Anti-Amyloid 

Peptide β (A1976-25UG, Sigma-Aldrich, India), raised in rabbit, was used to immunostain the 

mutant Aβ amyloid plaques at a working dilution of 1:100.  

The different secondary antibodies used were: Alexa Flour 488 donkey anti-rabbit IgG 

(Molecular Probes, USA) at a dilution of 1:200 to detect the anti-HA primary antibody raised in 

rabbit;  Cy3 conjugated anti-mouse IgG (Whole molecule; Sigma-Aldrich, India) at 1:200 

working dilution to detect the mAb22C10 primary antibody raised in mouse and Alexa Flour 546 

donkey anti-rabbit IgG (Molecular probes, USA) at a dilution of 1:200 to detect the anti-Aβ42 

primary antibody. 

Nuclei were stained with DAPI (4', 6-diamidino-2-phenylindole dihydrochloride, Sigma-Aldrich, 

India) at 1μg/ml. 

A minimum of 8-10 eye discs for each genotype and treatment were processed for 

immunostaining and microscopy and each set was replicated at least twice. 

2.4 Microscopy and image analysis 
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Confocal imaging was carried out with LSM510 Meta Zeiss laser scanning confocal microscopy 

using appropriate laser, dichroic and barrier filters. All the images were assembled using Adobe 

Photoshop CS 8.0. 

2.5 Statistical analysis 

SigmaPlot 11.0 and SPSS 16.0 software were used for statistical analyses. All percentage data 

were subjected to arcsine square root transformation. One-way ANOVA and Dunnett’s post-hoc 

test were applied to compare the means. Data are expressed as mean ± S.E. of mean (SEM) of 

the replicates. 

3. Results 

3.1 Effects of feeding wild type larvae and adults on different concentrations of Saraswata 

Ghrita (SG) or Kalyanaka Ghrita (KG) on life history parameters:  

The percentage of the 1st instar larvae that developed to pupal stage and finally emerged as adult 

flies and the median life span of the emerging adult flies were taken as indicative parameters. As 

the data in Fig. 1A show, the lowest concentration (0.05% w/v) of KG or SG did not affect the 

pupation and fly emergence or the median life span of wild type flies, while feeding on higher 

concentrations (0.25% and 0.5% w/v) of SG or KG during larval and adult stages significantly 

reduced the median life span of adult flies; the frequency of pupation was also affected when the 

wild type larvae were reared on 0.5% SG, but most of those that pupated emerged as flies (Fig. 

1). Concentrations higher than 0. 5% (0.75%and 1.0%) of the SG or KG showed dose-dependent 

greater reduction in larval survival and adult life span (data not presented). Therefore, only 

0.05% and 0.25% KG or SG supplemented food were examined for their effects in the HD and 

AD Drosophila models. 
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Fig. 1. Effects of feeding wild type (Oregon R) larvae and flies on Saraswata Ghrita (SG) or 

Kalyanaka Ghrita (KG) supplemented food on (A) mean % (+ S. E., Y-axis) survival till 

pupation and eclosion (X-axis), and (B) median (+ S. E., Y-axis) life span of adults. 

Concentrations of the respective Ghrita used are indicated on upper right corner in (A) and 

on X-axis in (B). 

3.2 Effects of feeding larvae and adults on different concentrations of Saraswata ghrita (SG) 

or Kalyanaka ghrita (KG) on life history parameters in HD and AD flies 

Data presented in Fig. 2 show that, in agreement with earlier results (Dwivedi et al, 2013), the 

GMR-GAL4>UAS-127Q individuals reared on normal food show significant death during the 

larval stage while the adults have a greatly reduced median life span (~26 days) compared to ~57-

58 days of Oregon R flies (Fig. 1 and 2). Interestingly, feeding these larvae on either of the ghrita 

supplemented food at 0.05% concentration significantly improved their emergence as adult (Fig. 

II A) as well as the median life span of the emerged flies (Fig. 2B). In each case, the 

improvement in fly emergence and life span at 0.25% concentration was less than that with 

0.05%, although significantly more than the respective values for those reared on un-

supplemented control food (Fig. 2A). 

Compared to the Oregon R wild type, the ey-GAL4>UAS-Aβ42 AD larvae reared on normal food 

showed significantly high larval and pupal lethality with reduced median life span of adults. All 
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these parameters were affected more than in the case fo polyQ expressing larvae/flies reared on 

normal food (Fig. 2). Similar to the effects of KG and SG dietary supplement in the HD model, 

the incidence of successful pupation and emergence, and the median life span of ey-GAL4>UAS-

Aβ42 individual were also enhanced when reared on SG or KG supplemented food, with their 

lower (0.05%) concentration being more effective than the higher concentration (Fig. 2).  

 

 

Fig. 2. Effects of feeding polyQ (GMR-GAL4>UAS-127Q) or Aβ42 (ey-GAL4>UAS-Aβ42) 

expressing larvae and flies on Saraswata ghrita (SG) or Kalyanaka ghrita (KG) 

supplemented food on (A) mean % (+ S. E., Y-axis) survival till pupation and eclosion (X-

axis), and (B) median (+ S. E., Y-axis) life span of adults. Legend to the concentrations of 

the ghrita used are indicated on upper part in (A) while these are indicated on X-axis in 

(B). 

3.3 The improved survival of HD and AD model larvae reared on KG or SG supplemented 

food is associated with substantial suppression of the toxic aggregates in 127Q or Aβ42 

expressing eye disc cells 

The above results on life-history parameters indicated that both formulations seem to partially 

mitigate the systemic damage inflicted by expression of either the expanded polyQ protein or the 

mutant Aβ protein in eye discs. Their expression results in accumulation of aggregates of the 

mutant proteins, which are believed to be primarily responsible for the toxicity and 

neurodegeneration. Therefore, eye discs of late third instar larvae in which expression of the 
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mutant proteins were targeted, immunostained and examined by confocal microscopy to assay 

the levels of the polyQ inclusion bodies (IBs) or the mutant Aβ protein amyloid aggregates in the 

respective model eye discs. 

Since the 127Q protein carries the HA-tag, the eye discs from GMR-GAL4>UAS-127Q larvae 

were immunostained with anti-HA antibody to detect the polyQ aggregates. The axons of the 

ommatidial units were visualized by immunostaining with the mAb22C10 which specifically 

decorates axons and their cell bodies.  As seen in Fig. 3A-A”, the eye disc cells posterior to the 

morphogenetic furrow in the 127Q expressing larvae reared on normal food have massive 

accumulation of polyQ inclusion bodies and grossly disrupted organization of optical neurons 

and their axons. Interestingly, the polyQ IBs were substantially reduced in eye discs from GMR-

GAL4>UAS-127Q larvae reared on KG or SG supplemented food (fig. 3B-E”). In parallel with 

the reduced load of polyQ aggregates in the formulation fed larval eye discs, the integrity of 

axonal projections, as revealed by the mAb22C10 antibody staining, was also significantly 

improved. 

In order to quantify the levels of mutant polyQ aggregates in eye discs for larvae reared on 

normal or KG or SG supplemented food, the immuno-fluorescence intensities of the polyQ 

protein were measured. Using the maximum intensity projections of confocal z-stack images in 

the Zen-blue software (Zeiss), the total fluorescence intensities in a circular area (50.2µm 

diameter) in the proximal region of eye discs immunostained for polyQ aggregates were 

measured and the means for 8 eye discs for each set were compared. The data, presented in Fig. 

3F clearly show that feeding on 0.05% or 0.25% of KG or SG supplemented food substantially 

reduced the polyQ aggregates compared to their very high levels seen in eye discs in larvae 

reared on normal food.  
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Fig. 3. Rearing on Saraswata ghrita or Kalyanaka ghrita supplemented food substantially 

reduced accumulation of polyQ aggregates (green) in GMR-GAL4>127Q eye discs. (A-E”) 

are confocal projection images of GMR-GAL4>127Q eye discs stained for polyQ protein (green, 

A-E) and neuronal cells and axons (red, 22C10, A’-E’); the column A”- E” shows corresponding 
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merged images including DAPI-stained nuclei (blue). The specific feeding regimes are noted on 

left side of the rows. (F) Histograms of mean (+ S.E.) fluorescence intensity of polyQ 

immunostaining (expressed in arbitrary units, Y-axis) in imaginal discs from larvae reared on 

control or Saraswata Ghrita (SG) or Kalyanaka Ghrita (KG) supplemented food (concentrations 

noted on X-axis). These values are based on measurements of fluorescence intensity in a circular 

area (50.2µm diameter) near the proximal part of each eye disc (8 discs were used to estimate the 

mean intensity in each sample). 

The amyloid aggregates in eye imaginal discs from ey-GAL4>Aβ42 late 3rd instar larvae reared 

on normal or KG or SG supplemented food were immunostained with the anti-Aβ42 antibody. In 

agreement with the above results on life history parameters, feeding Aβ42 expressing larvae with 

KG or SG supplemented food substantially reduced the amyloid accumulation in eye discs (Fig. 

4). The higher concentration (0.25%) of SG appeared to be slightly less effective than the lower 

(0.05%). 

A quantification of the levels of Aβ aggregates in eye discs from larvae reared on normal or KG 

or SG supplemented food, the immuno-fluorescence intensities of the respective proteins were 

measured as described above for the polyQ expressing discs. The data, presented in Fig. 4F 

clearly show that feeding on 0.05% or 0.25% of KG or SG supplemented food substantially 

reduced the Aβ amyloid plaques compared to their very high levels in eye discs from larvae 

reared on normal food. The higher concentration (0.25%) of KG or SG was less effective than 

their lower concentrations (Fig. 4F). 
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Fig. IV. Rearing on Saraswata Ghrita or Kalyanaka Ghrita supplemented food substantially 

reduced accumulation of Aβ42 aggregates (red) in ey-GAL4>UAS-Aβ42 eye discs.  (A-E) are 

confocal projection images of ey-GAL4>UAS-Aβ42 eye discs stained for Aβ42 protein 

aggregates (red, A-E) while A’-E’ are corresponding merged images including DAPI-stained 

nuclei (blue). The specific feeding regimes are noted on left side of the rows. (F) Histograms of 

mean (+ S.E.) fluorescence intensity of Aβ42 immunostaining (expressed in arbitrary units, Y-

axis) in imaginal discs from larvae reared on control or Saraswata Ghrita (SG) or Kalyanaka 

Ghrita (KG) supplemented food (concentrations noted on X-axis). These values are based on 

measurements of fluorescence intensity in a circular area (50.2µm diameter) near the proximal 

part of each eye disc (8 discs were used to estimate the mean intensity in each sample).        

4. Discussion 

In this study, we examined effects of dietary administration of two Ayurvedic ghrita 

preparations, viz., Saraswata and Kalyanaka ghritas on the fruit fly model, using wild type and 

transgenic strains showing HD and AD symptoms because of targeted expression of respective 

mutant transgene. Earlier studies in our laboratory (Dwivedi et al 2012, 2013, 2015; Dwivedi and 

Lakhotia 2016; Tiwari et al 2017, Saba et al, 2017) have established efficacy of dietary 

administration of Ayurvedic Rasayanas in flies as well as mice. When fed at 0.05% 

(weight/volume) concentration, neither KG nor SG showed any adverse effects on development 

of wild type larvae/pupae and lifespan of adult flies, although higher concentrations (0.25% and 

above) of each of them had dose-dependent adverse effects on life span and/or larval/pupal 

survival. Therefore, in our studies on the HD and AD flies, we examined effects of 0.05% and 

0.25% dietary KG or SG supplementation.  

Classical literature recommends the use of these two Ayurvedic Ghritas for treating dementia. 

Although individual components of the two ghritas, especially of the SG, have been examined in 

several studies for their effects on symptoms associated with dementia/AD, there have been very 

few experimental studies on action or efficacy of the conventional whole formulation. Based on 

an in-vitro study (Mamidala et al., 2016) on the IMR 32 human neuroblastoma cell line, SG was 

suggested as an effective treatment for ASD (Autism Spectrum Disorder) as it enhanced levels of 

serotonin, Dopamine and Gamma-aminobutyric acid. In another study (Shelar et al., 2018),  SG 
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and its lipid extract were found to be effective in reducing Aβ plaques, improve memory and 

enhance levels of superoxide dismutase, glutathione peroxidase, chloramphenicol acetyl-

transferase and nitrous oxide in rat model; interestingly, the lipid extract was found to be more 

effective than ethanolic extract of SG. There does not seem to be any effective experimental 

study that has examined effects of KG or its various component herbs in in vitro or in vivo 

models. None of these ghritas have so far been examined for action in the context of polyQ 

toxicity.  

Extracts of Haritaki (Terminalia chebula), a common ingredient in SG and KG, were shown to 

protect PC12 cells from Aβ aggregate-mediated cell damages thorough inhibition of ROS and 

reduction of calcium ion influx (Shen et al 2017).  Extract of Shigru (Moringa oleifera), one of 

the components of SG, was found to defend against anti-oxidant activity and aging in 

Cenorhabditis worm (Chauhan et al 2020; Mahaman et al 2018) and to alleviate tau 

hyperphosphorylation and Aβ pathology in a homocystein-induced AD rat model. Moringa 

oleifera is also used in Egyptian traditional medicine for improvement of memory and old age-

related diseases (Ali et al 2013). Various studies on extracts of different components of SG, like 

Amalaki, Pippali, Marich and Shunthi, have been reported to inhibit acetylcholinesterase 

activity, reduce lipid peroxidation in brain, facilitate dissociation of Aβ oligomers, protect 

against Aβ induced apoptosis, enhance free radical scavenging, chloramphenicol 

acetyltransferase, superoxide dismutase and glutathione peroxidase activities and thus have 

beneficial effects in dementia/AD (Farooqui et al., 2018; G et al., 2012; Hritcu et al., 2015; 

Mahdy et al., 2012; Rashedinia et al., 2021; Saenghong et al., 2012; Sanap et al., 2021; Wiemann 

et al., 2017; Ali et al., 2013; Chauhan et al., 2020;Tappayuthpijarn et al., 2011; Mathew and 

Subramanian, 2014; Oboh et al 2012; Ali et al, 2013). In agreement with the earlier studies on SG or 

extracts of its component herbs, our present study on in vivo fly model shows that rearing of 

larvae/flies showing Alzheimer’s neurodegeneration in eyes on food supplemented with 0.05% 

SG reversed the substantially reduced lifespan because of the systemic effects of the toxic protein 

aggregates. In addition, the present study shows that KG is also very effective in suppressing Aβ 

pathology. In addition, our findings extend the beneficial effects of these two Ayurvedic ghritas 

in polyQ toxicity induced neurodegeneration as well. 
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It is interesting that while the 0.25% (or even higher, data not presented) dietary concentration of 

either of the ghritas significantly reduced lifespan of wild type flies, the same dosage 

significantly increased life span of HD or AD flies, although the increase was somewhat less 

than that seen following feeding on 0.05% KG or SG supplemented food. This agrees with the 

Ayurvedic principle that dose of a Rasayana is specifically related to the individual’s basic health 

condition (Sharma, 1994). The improved survival of HD or AD transgene expressing organisms 

following rearing on either of these ghritas, correlates with the observed substantial reduction in 

polyQ or Aβ aggregates in eye discs of respective larvae. Together, these results show, for the 

first time, especially for the KG, that these two medhyarasayanas  have beneficial effects in in 

vivo AD as well as HD neurodegenerative conditions.  

Further studies to understand the molecular bases of actions of these two Ayurvedic ghrita 

formulations will integrate the knowledge based on traditional systems of medicine with the 

current understanding of cell and molecular biology and thus help in development of better 

therapies for the increasing burden of age-related dementia and neurodegenerative disorders. 
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