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Potential of Prediction of Activity Spectra
of Substances Software to Justify 3Rs
Ethics for In Vivo Anti-Alzheimer’s Studies
of Phytochemicals
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Abstract

Context: Alzheimer’s disease (AD) is a progressive neurodegenerative disorder having important concern
in today’s society. The prediction of activity spectra of substances (PASS) software allows prediction of the
pharmacological activity on behalf of canonical simplified molecular-input line-entry system (SMILES) of the
substance. PASS predicted the activity of substances in two manners, i.e. probable activity (Pa) and probable
inactivity. Objective: In this study, we elaborated the benefit of PASS to define 3Rs ethics (replacement, reduction,
and refinement) in animal study for anti-Alzheimer’s activities of phytochemicals. Materials and Methods: Pa
values of different phytochemicals important for AD predicted using PASS. For the prediction of activity in the
different targets of AD, canonical SMILES of phytochemicals was obtained from PubChem website. Results and
Discussion: Based on these Pa values predicted for different target sites of AD, screening of pharmacologically
important phytochemicals was performed so that those phytochemicals can be further explored for in vivo
pharmacological activity against AD to justify the 3Rs ethics. Conclusion: PASS online software provides an
informative data to support the reported activities of the phytochemicals.
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INTRODUCTION ongoing, in this report, AD refers to the disease as defined
by the earlier criteria.l']

ore than 100 years ago, the
Alzheimer’s disease (AD) was AD is a neurodegenerative disorder that generally appears

first identified, but 70 years passed  in late adulthood. It is associated with a progressive and
before, it was recognized as the most common  rather irreversible decline in memory various other cognitive
cause of dementia and a “major killer.” capabilities. In AD, there is neuronal destruction and
Although research has revealed a great deal deterioration of neural connections in the cerebral cortex
region of the brain along with a substantial loss of brain
mass. In some rare cases, it appears in people in their 40s
and 50s, but otherwise, it is a disease of old age. Based on

about AD, much is yet to be discovered about
the precise biologic changes that cause this
disease and why it progresses more quickly in
some than in others, and how the disease can
be prevented, slowed, or stopped. Researchers
believe that early detection will be key to
prevent, slowing and stopping AD. Under the
proposed criteria, the disease begins before
symptoms such as memory loss appear,
while earlier criteria require memory loss
and a decline in thinking abilities for an AD
diagnosis to be made. Due to the proposed
criteria of the scientific evaluation are
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zheimer’s disease

clinical, population-based studies, about 200,000 people
under 65 years of age are suffering from AD.[?3

AD is characterized by the presence of two neuropathological
hallmarks, i.e. extracellular amyloid B (AP) plaques and
intracellular tau neurofibrillary tangles.™

The actual etiology behind AD is not yet defined. Even
the cause of AD is based on aging, degeneration of
anatomical pathways, environmental factors, genetic factors,
mitochondrial dysfunction, vascular factors, immune
system dysfunction, and infectious agents.’)' However,
certain factors such as anomaly in the phosphorylation of
tau protein, alterations in calcium metabolism, oxidative
stress, neuroinflammation, abnormal energy metabolism,
and protein processing, i.e., undesired AP formation and
aggregation, are considered to be important factors in the
pathogenesis of AD.[!

This period, spanning over a few years, is known as
preclinical AD. The progression of AD occurs in three stages,
namely mild AD (early stage), moderate AD (middle stage),
and severe AD (late stage).!”!

The prediction of activity spectra for substances (PASS)
is freely online web resource which is designed for the
prediction of phytochemicals or the biological activity spectra
of organic compounds. The activities of the compounds are
based on its structural formulas for more than 4000 types of
biological activity with average accuracy above 95% of about
more than 300,000 organic compounds.® The structure—
activity relationships (SARs) of phytochemicals are used for
prediction. The analysis of SAR contains information on the
structure and biological activities on different targets of the
phytochemicals.”

The software predicts the activity of the compound in two
probabilities; one is probable activity (Pa) and another one
is probable inactivity (Pi). The value of Pa and Pi varies
from 0.000 to 1.000. If Pa > Pi for any activity, only then
that activity can be designated to the compound. If Pa value
is more than 0.7 for any activity, then probability of that
action is high in pharmacological experiment.!'”! If Pa value
is more than 0.5 but <0.7 for any activity, then probability
of that action is less in pharmacological experiment. If Pa
value is <0.5, then probability of observing that activity in
pharmacological experiment is less.[!!]

In biological and biomedical sciences, animals are used for
research to enhance the knowledge of human. The experimental
research on animal models also enhance concern, awareness
of animals used ethically, the use of animals in research and
education as per an application of ethics, the role of National
Council for the Control of Animal Experimentation.['”

In 1959, W.M.S Russel and R.L Burch first described 3Rs
(replacement, reduction, and refinement) give the principles

to the use of animals in testing ethically. The 3Rs have
better future scope for alternatives to animal testing. The
3Rs main objective is to ameliorate quality of science and
animal welfare to minimum use of animals in research.!'?!
Replacement is the first R, as the name suggests “replacing”
the use of animals using of non-animal methods over animal
methods. In absolute replacement, no animals are used, and
in relative replacement, the tissue of animals is used.!'*]

Reduction is the second R, as the name suggests “reduce,”
in this method, the number of animals used per study is
minimized. The techniques of modern imaging are also
reducing the number of animals used in research.!'*!

Refinement is the third R, third R itself represent “refine”
which is used to minimize pain, suffering of animals in
research and to improve animal welfare for animals used in
research [Figure 1].11617)

MATERIALS AND METHODS

Phytochemicals were selected on the basis of their already
reported pharmacological effect in the in vivo and in vitro
models of AD, and one marketed standard drug compound
(galantamine) for AD. The activities of phytochemicals were
predicted using PASS and canonical simplified molecular-
input line-entry system (SMILES). For the prediction of
activity in the different targets of AD, canonical SMILES
of phytochemicals was obtained from PubChem website
[Table 1]. The SMILES works as a molecular formula
of the phytochemical and was directly copied into the
PASS software to predict the activities of various reported
phytochemicals [Table 2].

RESULTS AND DISCUSSION

The six activities in AD of selected phytochemicals and
marketed compound (galantamine) were predicted using
PASS online. These activities are as follows:

Figure 1: Name of 3Rs as per ethical guideline for animal
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Antidementia Anti Anti-amyloid
-amyloidogenesis B aggregation

Cholinergic Nootropic activity Glutamate

activity antagonist

The PASS online software was used to predict the probable
activities which are represented in Table 2 and Figures 2-7.

AD is a progressive neurodegenerative disorder. There is
no effective treatment available for AD. Some compounds
and nootropic are marketed to treat mild-to-moderate
confusion (dementia) that is related to anti-AD, but

such compounds and nootropics may improve memory,
awareness, and ability to perform daily functions by
restoring the balance of certain neurotransmitters in brain.
Several phytochemicals are present in plants, but only
few phytochemicals are explored for its pharmacological
activities and rest are unexplored. Testing every compound
by hit and trial method for pharmacological activity is not
an easy task as it is tedious and costly. PASS online software
is not only providing supportive information for the pre-
explored phytochemicals but also gives the information
regarding their hidden potential activities which previously
was not known.

Table 1: Canonical SMILES and chemical structure of phytochemicals
Canonical SMILES

Name of compound

CC1C(C(C(C(01)0C2=C(0C3=CC(=CC(=C3C2=0)0)0)C4=CC(=C(C=C4)0)0)0)0)O
CC1C(C(C(C(O1)0CC2C(C(C(C(02)0C3=C(0C4=CC(=CC(=C4C3=0)0)0)

COC1=CC=C(C=C1)C2=CC(=0)C3=C(02)C(=C(C(=C30C)OC)OC)OC

Quercetin
Rutin

C5=CC(=C(C=C5)0)0)0)0)0)0)0)O
Kaempferol C1=CC(=CC=C1C2=C(C(=0)C3=C(C=C(C=C302)0)0)0)0
Apigenin C1=CC(=CC=C1C2=CC(=0)C3=C(C=C(C=C302)0)0)O
Tangeretin
Caffeine

Galantamine

CN1C=NC2=C1C(=0)N(C(=0)N2C)C.C(C(=0)0)C(CC(=0)0)(C(=0)0)O
CN1CCC23C=CC(CC20C4=C(C=CC(=C34)C1)0C)O

Huperzine A CC=C1C2CC3=C(C1(CC(=C2)C)N)C=CC(=O)N3
Nobiletin COC1=C(C=C(C=C1)C2=CC(=0)C3=C(02)C(=C(C(=C30C)OC)OC)OC)OC
Hesperidin CC1C(C(C(C(O1)0OCC2C(C(C(C(02)0C3=CC(=CA4C(=0)CC(OC4=C3)

C5=CC(=C(C=C5)0C)0)0)0)0)0)0)0)O

SMILES: Simplified molecular-input line-entry system

1,28 =

M Anti-dementia

M Anti-amyloidogenesis

M Anti-amyloid B- aggregation
M Cholinergic activity

M Nootropic

M Glutamate antagonist

M Anti-dementia

Figure 3: Antidementia activity of all phytochemicals with respect to galantamine
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Figure 4: Anti-amyloid 3-aggregation activity of all phytochemicals with respect to galantamine
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Figure 5: Cholinergic activity of all phytochemicals with respect to galantamine
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Figure 7: Glutamate antagonist activity of all phytochemicals with respect to galantamine

PASS online software can be used by anyone after registration.
The PASS online software predicts the biological activity
of the chemical compound on the base of SAR of chemical
structure and interaction with the different targets. This
software gives the information regarding especial compound
that can be beneficial in a particular disease. On the basis of
predicted Pa, the pharmacological testing can be performed
to verify the result from the information provided by the
software.

In this study, we selected various phytochemicals which
already have been reported to have beneficial effects
in the in vitro and in vivo models of AD. One marketed
compound (galantamine) was selected as standard drug
for AD to compare with the phytochemicals. Six activities
of phytochemicals were tested. In which, we found that
galantamine has the highest antidementia activity among
the selected phytochemicals. Of these, hesperidin and rutin
have the higher antidementia activity and caffeine has the
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or alzheimer’s disease

lowest one. The phytochemicals showed antidementia
activity that is as follows the pattern; galantamine>hesperidin
>rutin>tangeretin>apigenin>kaempferol>nobileti
n>caffeine.

Anti-amyloidogenesis activity of the reported phytochemicals
was not predicted.

Anti-amyloid B-aggregation activity of phytochemicals was
predicted that is as follows in pattern; apigenin >quercetin
>kaempferol >nobiletin >tangeretin >rutin, caffeine,
galantamine, huperzine A, and hesperidin.

Among all predicted phytochemicals, huperzine A showed
the highest cholinergic activity and rest of the phytochemicals
showed no cholinergic activity.

In case of nootropic activity, huperzine A has the higher
value than the galantamine, and according to value list

is like; huperzine A>galantamine>caffeine >tangeretin
>nobiletin>apigenin>kaempferol >quercetin >rutin and
hesperidin.

In glutamate antagonist activity, huperzine A has the highest
value than another phytochemical and more than galantamine;
huperzine A >apigenin >tangeretin >kaempferol, quercetin,
galantamine, rutin, nobiletin, and hesperidin.

PASS online software predicts the pharmacological activities
of phytochemicals. It justified the 3Rs (replacement,
reduction, and refinement) ethics for animal used in research.

In case of “replacement,” PASS will help in initial screening
of the phytochemicals. Hence, it replaces the unnecessary
animal studies or avoids animal study.

In case of “reduction,” PASS will assist to reduce the number
of animal used in research. For example, we want to check
the activity of phytochemicals on six targets in six different
animal groups which require large number of animals.
However, with the help of PASS, we come to know that
selected phytochemicals having activity only on two target
site. Hence, on behalf of this information, we will work
only on two groups of animals which require less number of
animals. That is why, it was concluded that PASS will reduce
the number of animals used in research.

In case of “refinement,” PASS will help to refine/improve
the animal study protocol. As from PASS, we can get
information that which type of biochemical parameters
can be performed or which can be skipped. For example,
initially decided to evaluate glutamate antagonist parameter
of the phytochemicals, but from PASS, we come to know
that phytochemical not have glutamate antagonist activity
so that parameter can be skipped, which refine the research
protocol and refine unnecessary pain, distress, or suffering
to animals.

CONCLUSION

From the above study, it can be concluded that PASS
online software provides an informative data to support the
reported activities of the phytochemicals. It can also help the
researcher to decide and to prepare a protocol for testing a
new phytochemical for a particular pharmacological action
as well as to test a pre-reported phytochemical for a new
activity. PASS online software justifies 3Rs ethics for animal
usage in research by justifying replacing, reducing number
and scarification of animals, saving time and money and at
the same time, giving relevant information to enhance human
knowledge, and identify potential novel phytochemical for
debilitating diseases like AD, in future.

REFERENCES

1. Alzheimer’s Association. 2015 Alzheimer’s disease facts
and figures. Alzheimer’s Dement 2015;11:332-84.

2. Aprahamian I, Stella F, Forlenza OV. New treatment
strategies for alzheimer’s disease: Is there a hope? Indian
J Med Res 2013;138:449-60.

3. Alzheimer’s Association. Alzheimer’s disease facts and
figures. Alzheimer’s Dement 2014;10:1-80.

4. MoreiraPI. Sweetmitochondria: A shortcuttoalzheimer’s
disease. J Alzheimer’s Dis 2018;62:1391-401.

5. Armstrong RA. Review article what causes alzheimer’s
disease? Folia Neuropathol 2013;3:169-88.

6. Munoz DG, Feldman H. Causes of Alzheimer’s disease.
Can Med Assoc J 2000;162:65-72.

7. Tabgled Bank Studios. A Journalist > S Guide To
Alzheimer ’ S Disease and Drug Development; 2016.

8. Kurashov EA, Fedorova EV, Krylova JV, Mitrukova GG.
Assessment of the potential biological activity of low
molecular weight metabolites of freshwater macrophytes
with QSAR. Scientifica 2016;2016:1205680.

9. Filimonov DA, Lagunin AA, Gloriozova TA, Rudik AV,
Druzhilovskii DS, Pogodin PV, ef al. Prediction of the
biological activity spectra of organic compounds using
the pass online web resource. Chem Heterocycl Compd
2014;50:444-57.

10. Khurana N, Ishar MP, Gajbhiye A, Goel RK. PASS
assisted prediction and pharmacological evaluation of
novel nicotinic analogs for nootropic activity in mice.
Eur J Pharmacol 2011;662:22-30.

11. Anand A, Sharma N, Khurana N. Prediction of
activity spectra of substances assisted prediction of
biological activity spectra of potential anti-alzheimer’s
phytoconstituents. Asian J Pharm Clin Res 2017;10:13.

12. Andersen ML, Winter LM. Animal models in
biological and biomedical research-experimental
and ethical concerns. An Acad Bras Cienc 2017,
do0i.10.1590/0001-3765201720170238.

13. Balls M, Russell WM. Doyen of the three rs. Aatex
2007;14:1-7.

14. Goldberg AM, Zurlo J, Rudacille D. The three rs and

International Journal of Green Pharmacy * LPU Conference Apr-Jun 2018 Special Issue | 71



15.

16.

17.

18.

19.

20.

21.

22.

biomedical research. Science 1996;272:1403.

Goldberg AM. The Principles of humane experimental
technique: Isitrelevanttoday ?ALTEX2010;27:149-151.
Balcombe J, Ferdowsian H, Briese L. Prolonged pain
research in mice: Trends in reference to the 3 Rs. J Appl
Anim Welf Sci 2013;16:77-95.

Parija S, Mandal J. Ethics of involving animals in
research. Trop Parasitol 2013;3:4.

Sharma DR, Wani WY, Sunkaria A, Kandimalla RJ,
SharmaRK, VermaD, et al. Quercetin attenuates neuronal
death against aluminum-induced neurodegeneration in
the rat hippocampus. Neuroscience 2016;324:163-76.
Javed H, Khan MM, Ahmad A, Vaibhav K, Ahmad ME,
Khan A, ef al. Rutin prevents cognitive impairments by
ameliorating oxidative stress and neuroinflammation
in rat model of sporadic dementia of Alzheimer type.
Neuroscience 2012;210:340-52.

Sloley BD, Urichuk LJ, Morley P, Durkin J, Shan JJ,
Pang PK, etal Identification of kaempferol as a
monoamine oxidase inhibitor and potential neuroprotectant
in extracts of Ginkgo biloba Leaves. J Pharm Pharmacol
2000;52:451-9.

Choi JS, Islam MN, Ali MY, Kim EJ, Kim YM, Jung HA.
Effects of C-glycosylation on anti-diabetic, anti-
Alzheimer’s disease and anti-inflammatory potential of
apigenin. Food Chem Toxicol 2014;64:27-33.

Miyata Y, Tanaka H, Shimada A, Sato T, Ito A,
Yamanouchi T, ef al. Regulation ofadipocytokine secretion

and adipocyte hypertrophy by polymethoxyflavonoids,
nobiletin and tangeretin. Life Sci 2011;88:613-8.

23. Alzoubi KH, Srivareerat M, Aleisa AM, Alkadhi KA.
Chronic caffeine treatment prevents stress-induced LTP
impairment: The critical role of phosphorylated CaMKII
and BDNF. J Mol Neurosci 2013;49:11-20.

24. Egea J, Martin-de-Saavedra MD, Parada E, Romero A,
Del Barrio L, Rosa AO, etal. Galantamine -elicits
neuroprotection by inhibiting iNOS, NADPH oxidase
and ROS in hippocampal slices stressed with anoxia/
reoxygenation. Neuropharmacology 2012;62:1082-90.

25. Turkseven CH, Buyukakilli B, Balli E, Yetkin D,
Erdal ME, Yilmaz SG, et al. Effects of huperzin-A on
the beta-amyloid accumulation in the brain and skeletal
muscle cells of a rat model for alzheimer’s disease. Life
Sci 2017;184:47-57.

26. Yasuda N, Ishii T, Oyama D, Fukuta T, Agato Y, Sato A,
et al. Neuroprotective effect of nobiletin on cerebral
ischemia-reperfusion injury in transient middle cerebral
artery-occluded rats. Brain Res 2014;1559:46-54.

27. ThenmozhiAJ,RajaTR,Manivasagam T, Janakiraman U,
Essa MM. Hesperidin ameliorates cognitive dysfunction,
oxidative stress and apoptosis against aluminium
chloride induced rat model of alzheimer’s disease. Nutr
Neurosci 2017;20:360-8.

Source of Support: Nil. Conflict of Interest: None declared.

International Journal of Green Pharmacy * LPU Conference Apr-Jun 2018 Special Issue | 72



