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INTRODUCTION

The brain, the central part of our body, controller of all the 
activities, is made of 100 billion nerves. All the nerves have 
their specialized functions to perform. Some are involved in 
thinking, behaviour and memory while others are involved 
in hearing, audition, gustation, vision and other activities 
forming a communicating network between different cells. 
Nerves that are involved in cognitive activities, when starts 
degenerating lead to the loss of memory. Deteriorative asso-
ciation between the brain cells which decrease the acetylcho-
line neurotransmitter is the main cause of memory loss, leads 
to dementia.1Synapses (the connection between the different 
neurons), a major expressway or a site of communication for 
memories, emotions, sensations, thoughts and movements 

permit information to pass via chemical pulses between dif-
ferent neurons.

Alzheimer’s disease (AD) is a neurodegenerative, inevita-
ble, progressive disorder that affects memory, thinking be-
haviour and other potential activities.2 Worldwide, more than 
25 million people are suffering from dementia, which more 
of them are from AD. It has been estimated that approxi-
mately about 5 million fresh/ new cases happening each year 
and this figure is expected to become two-fold after every 
two decades (20 years). 

The underlying and foremost step of the disease is to strike the 
brain’s memory centre leading to the individuals of AD being 
more forgetful and distracted. The initial stage of AD is diffi-
cult to be diagnosed as its symptoms are noticeable usually at 
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ABSTRACT
Introduction: Due to the cases of more than 1 million (in India) and more than 80 million (worldwide) of Alzheimer disease, there 
is an immediate need of finding a cure for Alzheimer. Alzheimer disease, a type of dementia, is a neurodegenerative, progressive 
disease that gives rise to troubles and issues related to cognitive functions. It is not a normal part of ageing; though the greatest 
known risk factor is increasing age. 
Aim: Many treatments and many medications have been found but their efficacy to reach Blood-Brain Barrier and rate of beta-
amyloid clearance is very low. Moreover, drawbacks like cost, drug resistance and side effects bringing down their success rate. 
Methodology: Considering the problem, this entry focuses on the alternate ways (herbal medicine) for Alzheimer cure by gen-
eralizing the mathematical model to investigate the effect of selected medicinal plants on the levels of amyloid-beta peptides, 
the characteristic hallmark of Alzheimer. 
Results: We have analyzed the effect of active compounds of five potent medicinal plants at different dosages i.e. 250 mg/
day, 500 mg/day, 750 mg/day and 1000 mg/day concerning time and found Withania somnifera as the best plant amongst five 
as it showed an effective decline in the beta-amyloid levels at 500 mg/day. We have also examined the ADME ( Absorption, 
Distribution, Metabolism and Excretion) profile of the selected plants using the Swiss ADME server that revealed no violation of 
Lipinski’s rule. 
Conclusion: This model can act as a utility model for formulating herbal-based compounds that increase the rate of amyloid-
beta clearance from the brain by inhibiting aggregation of amyloid-beta with least/no side effects.
Key Words: Alzheimer disease, Amyloid-beta, Mathematical model, Herbal approach, Medicinal plant, Dosage



Int J Cur Res Rev   | Vol 13 • Issue 21 • November 2021 54

Komal et al: Herbal medicinal based approach for Alzheimer disease - A mathematical model

an advanced stage. The sequential cleavage of APP (Amyloid 
Precursor protein), results in the formation of peptide Amy-
loid-beta by beta-secretase followed by gamma-secretase. 
This is known as the Amyloidogenic pathway. The enzyme 
alpha-secretase competes with gamma-secretase to stop this 
amyloidogenic pathway. Competition of alpha-secretase with 
gamma-secretase is the non-amyloidogenic pathway.3,4 Ac-
cording to the amyloid cascade hypothesis, imbalances be-
tween the formation and removal of amyloid beta results in 
the dysfunction of neurons and ultimately cell death. Different 
forms of amyloid-beta in terms of structure can occur such 
as oligomeric, proto fibrillar, and fibrils.5Accumulation of de-
posits of beta-amyloid protein outside nerve cells results in 
the formation of hard plaque. Simultaneously, the accumula-
tion of malformed versions of tau proteins inside the neurons 
results in the collapsing of neuron’s transport microtubules.6 
As time passes, the functioning of neurons become less ef-
ficient or die, ultimately fail to communicate with one an-
other causing the shrinkage of brain tissue. One’s judgment 
becomes awful as the disease spreads to the outer layer of the 
brain. Age and genetic factors are the known risks associated 
with Alzheimer. Other factors such as gender, awareness, pre-
vious head injury, family history, exposure to heavy metals, 
down’s syndrome contribute greatly to the development of 
AD. Individuals having down’s syndrome, after 40 years of 
age, develop almost the same neuropathological symptoms of 
AD and thus the strong evidence for the genetic premise of 
Alzheimer disorder.7 2-3% of early-onset AD cases are associ-
ated with the mutation caused on chromosome number 21 (the 
chromosome that encodes the amyloid-beta peptide precursor 
i.e. APP) whereas 70-80% of AD cases (early onset) are as-
sociated with the mutations in presenilin 1 (PS1) gene present 
on chromosome number 14 and 20-25% of the early cases 
are linked to the mutations in presenilin 2 (PS2) present on 
chromosome number 1. APP, PS1 and PS2 alter the process-
ing mechanism of APP that leads to increased amyloid-beta 
production. APP cleavage by enzyme beta-secretase followed 
by cleavage by gamma-secretase results in the formation of 
amyloid-beta. Deposition of these amyloid-beta peptides is a 
first step in the aetiology and pathogenesis of Alzheimer dis-
ease followed by other characteristics of AD such as microtu-
bule misfolding (neurofibrillary tangles), loss of synaptic con-
nection, and dementia. Apo E gene encoded on chromosome 
number 19 increases the 50% risk of developing Alzheimer. 

According to the computed value, it has been reported that 
around 5.4 million Americans are suffering from Alzheimer 
dementia in 2017 in which 5.3 million are having late-onset 
Alzheimer (65 years of age or more). It ranks fifth in terms 
of causing death.8

The main cause of Alzheimer is the deterioration and death 
of neurons that are responsible for thinking, learning and be-
haviour and as the neurons degenerate it affects the entire 
brain. It is differentiated from the normal brain as the ac-

cumulation of deposits of beta-amyloid plaques and neurofi-
brillary tangles causes shrinkage of the brain.9

 There is a conformational change in the soluble beta mon-
omers to form the beta-sheet rich misfolded structure and 
hence aggregates to form amyloid fibrils. Deposition of 
these fibrils outside the neurons, called senile plaques lead 
to neurodegeneration.9 Amyloid beta, a short peptide cleaved 
by enzymes β (beta) secretase and γ (gamma) secretase, is 
derived from the amyloid precursor protein (APP), a gene 
which is found on chromosome number 21q21.10 Around 40 
and 42 peptides of amino acids (beta-amyloid 40 and beta-
amyloid 42) are obtained by cleavage by β secretase and then 
γ secretase. 

Tau, a protein associated with microtubules found in cell 
bodies and mainly in the axons of nerve cells in the CNS. 
Around 6 isoforms of human tau protein have been ex-
pressed by the phenomenon of alternate mRNA splicing 
from a single gene that contains 16 exons and is present on 
chromosome 17q21. Twisted fibres of the protein tau, called 
neurofibrillary tangles (intracytoplasmic structures) build up 
inside cells because collapsing of neuron’s transport micro-
tubules.11

Also, a decrease in the levels of acetylcholine due to its 
breakdown by an enzyme called acetylcholinesterase results 
in memory loss and hence Alzheimer. 

Thus, amyloid accumulation, microtubules misfolding, dys-
function of cholinergic mechanism, oxidative stresses are 
some of the factors involved in the pathophysiology of Alz-
heimer disease.10

The distinguishing features of the brain describing the char-
acteristic change that arises due to AD usually happen around 
20 years before the emergence of symptoms and therapeu-
tic remedy can be identified and accomplished. The phase 
where the slightest or suggestive symptoms appears offers a 
likely possibility for curative intercession that can decelerate 
the progression of the disease. There are four stages in the 
progression of dementia (starting from cognitively normal 
to dementia). The stage Mild cognitive impairment (MCI) 
appears before AD and for the early detection of Alzheimer, 
the transformation of stage MCI to stage AD is of agreeable 
concern. Assessment of significant biomarkers can be over-
riding to early (preclinical) diagnosing, monitoring, treating, 
and continuing phases of AD analysis.11 However, there is a 
requirement for standardizing such biomarkers for accurate 
and early diagnose of AD. This includes amyloid-beta, tat 
and phosphorylated tau, glucose, Positron emission tomog-
raphy (PET), Cerebrospinal fluid (CSF), Apo E and telomere 
length, Magnetic Resonance Imaging (MRI), RNA interfer-
ence.12-17
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Figure 1: Mechanism of degeneration.

Food and drugs administration (FDA) approved drugs to 
treat symptoms related to Alzheimer’s disease, that includes 
the class of drugs called “cholinesterase inhibitors”. The 
cholinesterase inhibitors halt the process of disintegration 
and breakdown of a chemical messenger in the brain that 
is important for learning and memory. Examples of such 
drugs are donepezil, galantamine and rivastigmine approved 
for the treatment of mild to moderate Alzheimer disease. 
Other classes of drugs include M drugs (Memantine, mela-
tonin, minocycline, modafinil). Memantine is an uncompeti-
tive NMDA (N-methyl-d-aspartic acid receptor antagonist) 
and is approved for the management of moderate-to-severe 
AD, Melatonin is a neuroprotector and antioxidant and 
anti-inflammatory in nature, Minocycline reduces neuro-
inflammation and CNS pathology and prevents cell death 
and Modafinil is a wake-promoting agent is approved for 
use in narcolepsy and obstructive sleep apnea. It improves 
global mental status, hippocampal neurogenesis, attention, 

and cognition. Amyloid-beta degrading enzymes such as an 
insulin-degrading enzyme, neprilysin, endothelin-converting 
enzyme decrease the levels of amyloid-beta is also one of the 
medications approved for Alzheimer treatment.18

Though numerous treatments and medications such as ace-
tylcholinesterase inhibitors, M-drugs, amyloid degrading 
enzymes are already on the market, their results not indicat-
ing the complete clearance of amyloid-beta from the brain. 
Moreover, some of the downsides of these medications like 
toxicity, drug resistance, side effects, and cost urge the need 
to have a transition from these chemical medications towards 
the natural traditional medications in a form of herbal treat-
ment. Plants are utilized as an essential source for various 
drugs in Indian medicinal history. The complete descrip-
tion of all the curative properties of the medicinal plants has 
been listed in Rigveda. After a while, various synthetic drugs 
developed and commenced which due to their drawbacks 
failed. Recently, the trend of using plants is again rising and 
is being utilized confidently. 

Medicinal plants such as Curcuma longa, Withania somnif-
era, Bacopa monnieri, Centella Asiatica, Convolvulus plu-
ricaulis have been reviewed, researched and documented 
to show potent responses in Alzheimer cure. These plants 
consist of active compounds like tannins, lignans, triter-
penes, alkaloids, flavonoids, sterols and polyphenols and 
work by inhibiting fibrillation, relaxing CNS, promoting 
memory.19,20

Table 1: Potential abilities of medicinal plants against Alzheimer disorder
Plant’s botanical 
name (Common 
name)

Family Active constituents Potential abilities References

Curcuma longa  
(Turmeric)

Zingiberaceae Curcumin, turmerone oil Decrease amyloid-beta deposition and 
levels, minimize oxidative stress, reduced 
pro-inflammatory levels of cytokine

21,22

Bacopa monnieri 
(Brahmi)

Plantaginaceae Triterpenoid bacosaponins, 
alkaloids, plant sterols, 
betulin acid, polyphenols, 
and sulfhydryl compounds

Improvisation of memory and cognitive ac-
tivities; promote Neotropic actions; inhibit 
degeneration of acetylcholine; reversed the 
functions like reduced choline acetyltrans-
ferase activity, lowers oxidative stress

23,24

Withania somnifera 
(Ashwagandha)

Solanaceae Ergostane-type steroidal 
lactones, phytosterols si-
toindosides, beta-sitoster-
ol, alkaloids, amino acids, 
iron, withanolides

Inhibits cell death caused by amyloid-beta 
aggregation; prevents the formation of 
fibrils; enhances cognitive functions like 
memory and learning; increase acetylcho-
line and choline acetyltransferase activity; 
regenerate axons and dendrites; 

25,26

Centella asiatica 
(Gotu kola)

Apiaceae Asiatic acid and asiatico-
side

Enhances memory and intelligence; inhibit 
beta-amyloid cell death; modulate oxidative 
stress

27,28,29

Convolvulus pluricau-
lis (Shankhpushpi)

Convolvulaceae Steroids, anthocyanins, 
triterpenoids, glycosides, 
flavanol

Improves memory and cognitive func-
tions; enhance nootropic actions; calms 
the nerves; enhance acetylcholine content; 
increase functional growth of neurons

30,31



Int J Cur Res Rev   | Vol 13 • Issue 21 • November 2021 56

Komal et al: Herbal medicinal based approach for Alzheimer disease - A mathematical model

MATERIAL AND METHODS

Mathematical model
Alzheimer, a neurodegenerative disorder, affects the think-
ing, memory, behaviour and other activities of an individual. 
In addition to the effect on an individual’s memory, it pro-
duces a considerable stretch to the society also and hence 
several medications like cholinesterase inhibitors, M drugs, 
NMDA antagonist, antioxidants, statins, PPAR gamma an-
tagonist and some combinational approaches of these drugs 
were developed for the treatment of Alzheimer but despite 
all these treatments, condition of Alzheimer’s patients and 
hence its influence on society is not improved. Herbal thera-
py is an alternative for the drugs available in the market that 
failed due to their drawbacks.

Various mathematical models have been made representing 
the role of amyloid-beta aggregation, tau phosphorylation, 
microglia’s, astrocytes, macrophages, in the development 
and management of Alzheimer disease.32 Puri and Li describe 
the pathogenesis of Alzheimer in the form of a mathemati-
cal model.33 Also, the mathematical model symbolizing the 
death of neurons in Alzheimer has also been constructed.34

This mathematical model acts as a template to determine the 
dosage of active constituents of medicinal plants in lower-
ing the levels of amyloid-beta in the brain and helps in their 
clearance. 

The extracellular amyloid beta-peptide satisfies the follow-
ing equation:

( ) ( )( )0 0

0 0

0 0
0 0 0

  (1)N A D M DEA A

dA AN A D d M d DE
dt N A D A kAβ β

β β

β β

λ λ λ= + + − + +
+

To investigate the effective dosage of medicinal plants to 
clear the amyloid-beta levels from the brain, extract of five 
plants have been analyzed in four different doses (250 mg/
day, 500 mg/day, 750 mg/day and 1000 mg/day) for about 5 
months.

The dosage equation is as follows:

( ) ( )( )0 0

0 0

0 0
0 0 0

  (2)N A D M DEA A

dA HAN A D d M d DE
dt N A D A kAβ β

β β

β β

λ λ λ= + + − + +
+

0Initial value of 92A β =

Parametric description

0

:N
N
N

λ Proteolytic degradation of APP by beta and gamma-
secretase releasing Amyloid beta.

0

:A
A
A

λ Release of amyloid-beta by activated astrocytes.

0 :A Reference density of the astrocyte cells in the brain.

0

:D
D
D

λ  Release of amyloid-beta by dendritic cells.

0 :D  Reference density of the dendritic cells in the brain.

( )0 :MA
d M

β Clearance of amyloid-beta by microglia.

( )0 :DEA
d DE

β
 Clearance of amyloid-beta by amyloid-beta 

degrading enzymes.

:H Dosage quantity

:k Michael’s-Menten coefficient

General solution of first-order differential 
equations-Euler’s Method
The general case for the solution of a first-order differential 
equation can be computed numerically approximations. The 
differential equation 

0
0( , )

dA
f A t

dt
β

β=  is replaced with the fol-

lowing approximation 
0 0

0 0 0
0 0

( ) ( )
( , ( ))

A t t A t
f t A t

t
β β

β

+ D −
=

D

For sufficiently small Dt. This can be arranged to 

0 0 0
0 0 0 0( ) ( ) ( , ( ))A t t A t tf t A tβ β β+ D = + D

So that given step size Dt and initial condition 0
0( )A tβ .

ADME (Absorption, Distribution, Metabolism, 
Excretion) Profile analysis
The exploration of pharmacokinetics and physio-chemical 
characterization is an important step in the identification 
of any drug to cure the disease effectively. Here, we have 
used the swiss ADME server to investigate the drug-likeness 
properties of the plants selected for reducing the amyloid-
beta concentration from the brain [35]. Various parameters 
like molecular weight, lipophilicity, water-solubility, gastro-
intestinal absorption, CYP inhibitors, bioavailability score 
have been calculated using swiss ADME and listed in table 
2. Also, the violations of Lipinski’s rule (if any) have been 
reported.

RESULTS AND DISCUSSIONS

Amyloid beta forms in the brain of every individual by the 
cleavage of APP by the action of enzyme beta-secretase fol-
lowed by gamma-secretase. However, it excretes out of the 
brain, meaning the production and removal of amyloid-beta 
is a simultaneous process. The imbalances between the for-
mation and removal of amyloid-beta from the brain lead to 
its accumulation. 

The alternative for synthetic drugs is herbal medicine. Me-
dicinal plants due to the presence of active constituents have 
potential in the treatment of various disorders. Active constit-
uents such as curcumin, steroids, glycosides, anthocyanins, 
terpenoids, Asiatic acid, alkaloids have been reported and 
documented for the potent purpose of reducing beta-amyloid 
levels. To find an effective cure, it is very important to ex-
plore pharmacokinetics and physicochemical properties such 
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as water solubility, gastrointestinal absorption, lipophilicity, 
bioavailability score and many more. The Lipinski’s rule is a 
standardized rule for drug development that determines the 
drug-likeness properties of a molecule and according to the 
rule drug molecule having MW > 500 g/mol, hydrogen-bond-
donating atoms > 5, Hydrogen-bond-accepting atoms > 10, or 
log p > 5 is not considered as a good pharmaceutical agent 
in terms of oral activity. The natural molecules we have se-
lected for the cure of Alzheimer showed good pharmacoki-
netics and Physico-chemical properties and no violation of 
Lipinski’s rule except for active compounds bacoside and 
asiaticoside present in Bacopa monniera and Centella Asi-
atica. In addition to this, the dosage of different plants has 
also been investigated at 250 mg/day, 500 mg/day, 750 mg/
day and 1000 mg/day for five months where Curcuma longa 
showed the best results at 1000 mg/day dose, Bacapo mon-
nieri at 750 mg/day, Convolvulus pluricaulis at 1000 mg/
day dose, Withania somnifera at 500 mg/day, and Centella 
Asiatica at 750 mg/day; the results of which are interpreted 
well in the graphs viz Figure 2, 3, 4, 5, and 6. Our inference 
from the results implies that Withania somnifera is the best 
amongst five plants as it is effective in clearing amyloid-beta 
at a lower dose i.e., 500 mg/day as compared to others.

Figure 2: Effect of curcumin on the levels of amyloid-beta con-
cerning the time at different dosages.

Figure 3: Effect of bacoside on the levels of amyloid-beta con-
cerning the time at different dosages.

Figure 4: Effect of asiaticoside on the levels of amyloid-beta 
concerning the time at different dosages.

Figure 5: Effect of convolvine on the levels of amyloid-beta 
concerning the time at different dosages.

Figure 6: Effect of withaferin Aon on the levels of amyloid-beta 
concerning the time at different dosages.

Figure 2 to 6 represents the levels of Beta Amyliod and dif-
ferent doses with curcumin, bacoside, asiaticoside, convol-
vine and withaferin respectively. 
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Table 2: Physico-chemical and pharmacokinetic characterization of active compounds of selected natural 
plants.
Parameters Curcumin Withaferin A Bacoside Asiaticoside Convolvine

Formula C21H20O6 C28H38O6 C41H68O13 C48H78O19 C16H21NO4

Molecular weight (g/mol) 68.38 470.60 768.97 959.12 291.34

Water solu-
bility 

Log S -3.94 -4.97 -5.69 -5.19 -3.22

Solubility 4.22e-02 mg/ml 5.01e-03 mg/ml 1.58e-03 mg/ml 6.20e-03 mg/ml 1.77e-01 mg/ml

Class Soluble Moderately soluble Moderately 
soluble

Moderately 
soluble

Soluble

Gastrointestinal absorption High High Low Low High

p-glycoprotein substrate No Yes Yes Yes No

Lipophilicity (Log Po/w) 3.27 3.39 4.96 2.50 3.32

CYP1A2 inhibitor  No No No No No

CYP2C19 inhibitor No No No No No

CYP2C9 inhibitor Yes No No No No

CYP2D6 inhibitor No No No No Yes

CYP3A4 inhibitor No No No No No

Bioavailability score 0.55 0.55 0.17 0.17 0.55

Any violation of Lipinski’s 
rule

No No Yes (3 viola-
tions)
MW>500, N or 
O>10, NH or 
OH>5

Yes (3 violations)
MW>500, N or 
O>10, NH or 
OH>5

No

CONCLUSION

Due to the challenges faced by the pharmaceutical indus-
tries, the treatment of neurodegenerative diseases is becom-
ing expensive, inefficient and riskier. This caused a transi-
tion from these chemical medications towards the natural 
traditional medications in a form of herbal treatment. Con-
sidering the effects of memory, thinking and other essential 
activities on Alzheimer’s patients and its stress to society, 
this research involves the formation of the mathematical 
model that acts as a template to represent the change in 
the levels of beta-amyloid protein (the defining feature of 
Alzheimer disease) upon intake of herbal formulation in 
form of active constituents present in the medicinal plant. 
The potential ability of plants in inhibiting fibrillation and 
hence reducing the amyloid-beta levels is due to the pres-
ence of active constituents like tannins, lignans, triterpenes, 
alkaloids, flavonoids, sterols and polyphenols. For differ-
ent doses, the active component of the selected plant was 
analyzed where information from the graph reveals that all 
selected plants showed reduced amyloid beta levels, how-
ever, Withania somnifera showed the best results at a lower 
dose (50 mg/day) concerning time as compared to others. 
Also, the results of ADME analysis showed good bioavail-
ability score, solubility, lipophilicity
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