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Diminished cholinergic transmission may be responsible for development of amnesia. Hence, the present
study was undertaken to investigate the possible protective effect of hydro-alcoholic extract of Salvia
haematodes Wall root (HESH) on cognitive functions in scopolamine-induced amnesia in adult Sprague
Dawley rats. The rats were divided randomly into five groups each consisting of five rats (n = 5). Rats of
the groups I, II, III, IV, and V received orally normal saline (10 ml/kg b. wt.), normal saline (10 ml/kg),
standard drug rivastigmine (1.5 mg/kg), HESH (20 mg/kg), and HESH (40 mg/kg), respectively once a day
for fourteen days. Then, they were subjected to single dose of scopolamine (1 mg/kg b. wt. ip) except in
group I on fourteenth day 60 min after respective normal saline or drug administration. They were
observed for the effects on step down latency (SDL), locomotor activity and brain AChE activity for the
learning and memory. The acquisition SDL, retention SDL and locomotor activity were significantly
(p < 0.01) decreased while AChE activity was significantly (p < 0.01) increased in scopolamine-treated
group II as compared to normal control group I. The acquisition SDL, retention SDL and locomotor
activity were significantly (p < 0.01) increased while, AChE activity was significantly (p < 0.01) decreased
with all the doses of HESH and in rivastigmine-treated group as compared to scopolamine-treated group
I. Hydro-alcoholic extract of S haematodes root possesses protective effect on cognitive functions and
may prove to be a useful memory restorative agent in the management of cognitive dysfunctions as in
amnesia and Alzheimer's diseases.
© 2017 Center for Food and Biomolecules, National Taiwan University. Production and hosting by Elsevier
Taiwan LLC. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).

1. Introduction

dissociative amnesia is approximately 1.0—2.6% of the total world's
population and the incidence of global transient amnesia is 2.9—10

Cognition covers human learning and memory, problem solving,
conceptual processes, skilled performance, thinking and decision
making.! The system implicated in these cognitive processes in-
volves brain's cholinergic system.! Decline in these cognitive abil-
ities results in a neurodegenerative disorder called as amnesia
which may be one of the symptoms of some neurodegenerative
diseases such as Alzheimer's disease."” It may happen due to brain
damage either through brain injury or the use of some specific
drugs specifically sedatives.! It may also happen due to the use of
muscarinic cholinergic receptor antagonists which impair learning
and memory in both the humans and rodents.>* The prevalence of
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per 100,000 cases every year.>®

The plant Salvia haematodes Wall (belonging to family Lam-
iaceae) is commonly known as red sage by folklorists, Behman
Surkh in Urdu, Lal Behman in Hindi and Red Sage in English.” Root
of the plant contains flavonoids, tannins, phenols, alkaloids,
carbohydrates, sterols and essential oils such as 1,8-cineole,
linalool, o- and B-pinene, carvacrol, luteolin.”~® A high concentra-
tion of bioflavonoid, salvinine has been found in the plants of Salvia
species. It is known to have antioxidant, antimicrobial, antiin-
flammatory, cardiotonic, antidiabetic, anticonvulsant and several
other pharmacological activities.'° '# Physicians of Ayurvedic and
Unani systems of medicine employ it for the treatment of several
ailments. Root of the plant is used in cardiac disorders, seminal
debility and as a cerebral nervine tonic by the practitioners of
traditional medicine in India.”” " It is also used as aphrodisiac for
the treatment of premature ejaculation of semen and sexual
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disorders.””~1? It has also been recommended to use it in gout.”® It
was found clinically effective in cases of diarrhea also, supporting
the anticholinergic effect of S. haematodes root on smooth mus-
cles.?! It is also an ingredient of Unani formulations such as Kha-
mira Gaozaban Sada, Laboob Kabir, Laboob Sagheer, Majun
Muravvahul and several others indicated as nervine and brain
tonics.?? There is no scientific documentation available about the
protective effect of hydro-alcoholic extract of S. haematodes root
(HESH) on cognitive functions, which is clinically relevant. Despite
the severity and high prevalence of the amnesia, the allopathic
system of medicine is yet to provide a suitable drug for its treat-
ment. Hence, the present study was undertaken to investigate the
memory enhancing activity of (HESH) in scopolamine-induced
amnesia in rats.

2. Materials and methods
2.1. Reagents and instrumentations

The entire chemicals used were of analytical grade. 0.9% normal
saline (Albert David Ltd, Ghaziabad, India), ethanol (Changshu
Yangyuan chemical, China), formaldehyde (Fisher scientific Ltd,
Mumbai, India), ethyl acetate (Himedia chemicals), methanol
(Fisher scientific Ltd, Mumbai, India), diethyl ether (SD fine-
chemical Ltd Mumbai, India), acetic acid (SD fine-chemical Ltd
Mumbai, India), formic acid (Rankem, New Delhi), Bovine serum
albumin fraction-V (Himedia chemicals), 99% anhydrous potassium
dihydrogen phosphate (Chemikabiochemika reagent), 5,5-dithiobis
(2-nitro benzoic acid) (DTNB, Himedia chemicals), disodium
hydrogen phosphate (SD fine chem. Ltd), Folincoicalteau phenol
reagent (Fisher scientific), sodium nitrite (Sigma-Aldrich), riva-
stigmine (Dr. Reddy's), UV- Spectrophotometer (PharmaSpec UV-
1700 Shimatzu), micropipette (10—100 pl & 100—1000 pl) (Super-
fit), centrifuge (Shimatzu AUX220), digital balance (Unibloc, PAT
1987), refrigerator (Intello cool LG).

2.2. Procurement and authentication of the plant materials

The plant material was procured from Hamdard Dawakhana,
Amina Bad, Lucknow of Uttar Pradesh (India) and authenticated by
the botanists, authentication office, Faculty of Pharmacy, Integral
University Lucknow, India. A voucher specimen of S. haematodes
Wall root (IU/PHAR/HRB/15/25) was deposited there for further
reference.

2.3. Preparation of plant extract and evaluation of extractive value

The procured dried root was powdered to a coarse drug powder
with the help of a mechanical grinder and was extracted with 50%
hydro-alcoholic solvent by cold maceration for 72 h with
concomitant agitation. The obtained extract was filtered and
concentrated to dryness under reduced pressure and temperature
using rotary evaporator (Buchi Rotavapor-R; Labco, India). The
extractive value was calculated and the dried extract (HESH) was
stored in a refrigerator below 5 °C for further studies.?>

2.4. Experimental animal

Adult rats, Rattus norvegicus starin Sprague Dawley, (140 + 20 g)
were procured from Central Drug Research Institute (CDRI), Luck-
now (India). They were kept in departmental animal house, Integral
University, Lucknow (India). The animals were housed separately in
polypropylene cages for acclimatization at a temperature and
relative humidity of 23 + 2 °C and 50—60%, respectively with a 12 h
light/dark cycle for one week before and during the

commencement of the experiment. Animals were kept on standard
pellet diet (Dayal animal feed Unnao, India) and provided drinking
water ad libitum throughout the study period. All the experiments
were performed according to the guidelines of the Committee for
the Purpose of Control and Supervision of Experimental Animals
(CPCSEA) and ethical clearance was obtained from Institutional
Animal Ethics Committee (IAEC), Faculty of Pharmacy, Integral
University Lucknow (Approval No. [lU/Pharm/M.Pharm/IAEC/15/11).

2.5. Acute toxicity study

The procedure was followed as per the Organization for Eco-
nomic Cooperation and Development (OECD) 423 guidelines. The
extract at the doses of 5, 50, 300 and 2,000 mg/kg b. wt. po were
administered to different groups of rats and observed for 14 days
for signs of neurological, behavioral toxicity and mortality.>*

2.6. Experimental protocol

The protective effect of hydro-alcoholic extract of S. haematodes
root (HESH) on cognitive function was evaluated using five groups
of adult Sprague Dawley rats each consisting of five rats (n = 5).4%*
Group I served as normal control and received normal saline
(10 ml/kg b. wt. po) once a day for 14 days. Group II served as stress
control and received normal saline (10 ml/kg b. wt. po) once a day
for 14 days. Group III served as standard drug-treated group and
received standard drug rivastigmine (1.5 mg/kg b. wt. po) once a
day for 14 days.”® Groups IV and V served as test drug-treated
groups and received HESH (20 and 40 mg/kg b. wt. po, respec-
tively) once a day for 14 days. Then, animals of all the groups except
group [ were subjected to single dose of scopolamine (1 mg/kg b.
wt. ip) on 14th day 60 min after the respective normal saline or
drug administration.? Then, 45 min after the scopolamine admin-
istration, all the behavioral activities were evaluated using the
passive avoidance model. This was termed as acquisition trail (AT)
which corresponds to learning. Further, the retention trail (RT) was
carried out after 24 h of scopolamine administration. In the RT, the
above mentioned parameter was reassessed as an index of memory.
Additionally, locomotor activity was assessed using an actopho-
tometer. Then, the animals were euthanized by cervical decapita-
tion and the brains were isolated for evaluation of the brain
acetylcholine esterase (AChE) activity.

2.7. Evaluation of effect of hydro-alcoholic extract of Salvia
haematodes root on behavioral activity by passive shock avoidance
paradigm in rats

Passive shock avoidance to examine the long term memory
based on negative reinforcement was evaluated.* The apparatus [a
box (27 x 27 x 27 cm?) having three wall of wood, one wall of
Plexiglas and grid floor made up of 3 mm stainless steel rod set
8 mm apart with wooden platform (10 x 7 x 1.7 cm?®) in the centre]
used in the test was illuminated with a 15 W bulb. Each rat during
training was placed on the wooden platform. Electric shock (50 Hz,
1.5 mA) for 1 s was delivered to the grid floor when the rat stepped
down and placed its paw on the grid floor. The step down latency
(SDL, time taken by the rat to step down and place all four paws on
grid floor) was recorded and the rats showing it in the range of
2—15 s were taken for the acquisition and retention tasks. 90 min
after the training session, the acquisition task was carried out and
the animals were removed from the shock free zone if they did not
step down for the period of 60 s. After 24 h, retention task was
tested in a similar manner except with an upper cut of time of 180 s.
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2.8. Evaluation of effect of hydro-alcoholic extract of Salvia
haematodes root on locomotor activity in rats

The locomotor or horizontal activity was evaluated using an
actophotometer.*?% Each rat of all the groups before respective
treatments was placed individually in the actophotometer for 5 min
and basal activity was obtained. Subsequently, each rat of all the
groups was given their respective treatment according to experi-
mental protocol. Then, 60 min after the scopolamine administra-
tion, the rats were again placed in the actophotometer for recording
the activity score.

2.9. Evaluation of effect of hydro-alcoholic extract of Salvia
haematodes root on brain acetylcholine esterase activity in rats

Each rat of all the groups after 2 h of their respective treatment
was sacrificed by instant decapitation. The whole brain was quickly
removed and kept in an ice bath. A known weight of the brain tissue
was homogenized in 0.32 M aqueous sucrose solution to get a 10%
homogenate that was centrifuged at 3,000 rpm for 15 min followed
by centrifugation at 10,000 rpm for 10 min at a constant temper-
ature of 4 °C. Following centrifugation, 1 ml of the supernatant was
mixed with 9 ml of sucrose solution to get a 1% post-mitochondrial
supernatant (PMS). AChE activity was measured in this 1% PMS
based on the principle that the rate of formation of yellow colored
thiocholine from acetylthiocholine iodide in presence of dithio-
bis(2-nitrobenzoic acid) (DTNB) increases with the increase in tis-
sue cholinesterase.’® 2% The 2.7 ml of phosphate buffer (0.1 M, pH
8.0), 0.1 ml of 10 mM DTNB solution prepared in disodium phos-
phate buffer (0.1 M, pH 8.0), 0.1 ml of 1% PMS were taken in a test
tube and mixed. Then, the reaction mixture was taken in a cuvette
and pre-incubated at 37 °C for 5 min. The reaction was initiated by
the addition of 0.1 ml of the substrate 30 mM acetylthiocholine
iodide, prepared in phosphate buffer, in the reaction mixture and
the absorbance was recorded at the wavelength of 412 nm against
reagent blank for 3 min after every 1 min interval. Reagent blank
was prepared by mixing 2.8 ml of phosphate buffer, 0.1 ml of DTNB
solution and 0.1 ml of acetylthiocholine iodide in another test tube.
AChE activity was calculated using the formulae, [R = (dop x V)/
(E x mg of protein)]; Where, R = rate of enzyme activity in ‘n’ mole
of acetylthiocholine iodide hydrolyzed per min per mg of protein,
dop = change in absorbance per minute, E = extinction co-efficient,
13,600/M/cm, V = Volume of assay, 3 ml.

2.10. Statistical analysis

The data were expressed as mean + SEM (Standard Error of
Mean) and the results were analyzed by one way ANOVA followed
by Dunnett's test. The p values less than 0.05 were considered as
statistically significant.

3. Results

The hydro-alcoholic extract of S. haematodes root (HESH) during
acute toxicity study was found to be devoid of any mortality to any
animals. The extractive value of hydro-alcoholic extract of S. hae-
matodes root was found to be 7.62% w/w. The acquisition step down
latency, retention step down latency and locomotor activity of
scopolamine-treated group significantly decreased (p < 0.01) as
compared to normal control group. While, these were significantly
(p < 0.01) increased with all the doses of hydro-alcoholic extract of
S. haematodes root and in rivastigmine-treated group as compared
to scopolamine-treated group. The acetylcholine esterase (AChE)
activity was significantly (p < 0.01) increased in scopolamine-
treated group as compared to normal control group. While, it was

significantly (p < 0.01) decreased with all doses of hydro-alcoholic
extract of S. haematodes root and in rivastigmine-treated group as
compared to scopolamine-treated group (Table 1, Fig. 1).

4. Discussion

The extractive value in the hydro-alcoholic solvent of S. hae-
matodes root indicated the nature and quantity of the constituents
in the extract. The hydro-alcohol soluble extractive value was found
to be 7.62% w/w indicating the presence of polar constituents like
steroids, phenols, alkaloids, flavonoids, glycosides in it.%°

The extract at 5, 50, 300 and 2,000 mg/kg b. wt. po doses during
acute toxicity study was found devoid of mortality of any animals,
which reveal the safety of the HESH in doses up to 2,000 mg/kg b.
wt po. Hence, an optimal dose of 20 and 40 mg/kg b. wt. po of
S. haematodes root extract was selected here for the experimental
study.

Scopolamine, a muscarinic cholinergic receptor antagonist, im-
pairs learning and short-term memory in both the humans and
rodents.>* Thus, 1 mg/kg b. wt. of scopolamine was used to induce
cognitive dysfunctions and amnesia in rats. It is clear from the
present study that acquisition SDL, retention SDL and locomotor
activity were significantly decreased (p < 0.01) while the AChE
activity was significantly (p < 0.01) increased in scopolamine-
treated group as compared to normal control group which led to
cognitive dysfunctions and amnesia in rats as seen in Alzeimer's
disease. Increased AChE activity led to reduced level of acetylcho-
line in the brain causing Alzheimer's disease.

Brain acetylcholine (ACh) deficiency is principal pathogenic
factor in Alzeimer's disease (AD). AD is non-curable, because, once
neuron is degenerated it does not regenerate again by any means.
Hence, symptoms of AD is tried to remove by protecting ACh
through employing (pre-treatment) of the drugs. Scopolamine is
anticholinergic drug that reduces rapidly ACh response to its own
receptors and memory impairment in rats which can even lead to
loss of learned behavior during training of rats. Hence, post-
treatment was not used in the current study while pretreatment
was performed to evaluate the neuroprotective effect of HESH and
not the curative effect (post-treatment).

Rivastigmine is one of the drugs belonging to pseudo-
irreversible or slow reversible AChE inhibitor that increases the
concentration of acetylcholine in the brain by blocking the enzyme
AChE that destroys acetylcholine.?” This increase is believed to be
responsible for the improvement in memory. Thus, 1.5 mg/kg b. wt.
of rivastigmine was used for the improvement in memory. It is
clearly evident from the present study that the acquisition SDL,
retention SDL and locomotor activity were significantly (p < 0.01)
increased while AChE activity was significantly (p < 0.01) decreased
in rivastigmine-treated group as compared to scopolamine-treated
group.

The acquisition SDL, retention SDL and locomotor activity were
significantly (p < 0.01) increased while AChE activity was signifi-
cantly (p < 0.01) decreased with all the doses of HESH as
compared to scopolamine-treated group. The long term admin-
istration of HESH showed pronounced effect in reversal of the
scopolamine-induced amnesia. This suggested that the animal has
retention of memory of the shock once entered in the shock free
zone.

It is clear from the present study that the AChE activity was
significantly (p < 0.01) decreased with all doses of HESH and in
rivastigmine-treated group as compared to scopolamine-treated
group indicating the stimulatory action of these drugs on the
cholinergic system. Hence, the memory enhancing effect of HESH
can be attributed to its anti-AChE activity. Hence, S. haematodes
may be used to delay the onset and to reduce the severity of
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Table 1

Effect of hydro-alcoholic extract of Salvia haematodes root on different cognitive functions specific variables in the rats.

Treatment groups & Cognitive 1 11
functions specific variables Normal control:
normal saline,
10 ml/kg b. wt., po

Stress control:
normal saline,

10 ml/kg b. wt.,
po + scopolamine,
1 mg/kg b. wt., ip

11 v \%

Standard drug Test drug treated: Test drug treated:
treated: rivastigmine, = HESH, 20 mg/kg b. wt.,  HESH, 40 mg/kg b. wt.,
1.5 mg/kg b. wt., po + scopolamine, po + scopolamine,

po + scopolamine, 1 mg/kg b. wt., ip 1 mg/kg b. wt., ip

1 mg/kg b. wt., ip

Passive shock Acquisition step 4.89 + 0.47 217 +0.17*
avoidance paradigm  down latency (sec)
Retention step 9.16 + 0.60 4.83 + 0.30*
down latency (sec)
Activity score on 14th day 157.75 + 6.22 100.5 + 4.5*

Brain acetylcholine esterase activity 129.19 + 5.498

(umoles/mg of protein)

305.62 + 20.99"

3.5 +0.72% 3.00 + 0.58% 3.16 + 0.87%
7.00 + 2.13* 6.00 + 1.51% 6.67 + 2.35%
165.25 + 4.09% 163.5 + 3.62% 160.75 + 2.87*

183.85 + 5.336" 144.94 + 9.778% 156.55 + 10.27%

Values were expressed as mean + SEM (n = 5). * indicates p < 0.01 as compared to normal control, *p < 0.01 as compared to toxic control.
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Fig. 1. Effect of hydro-alcoholic extract of Salvia haematodes root on different cognitive functions specific variables in the rats: [A] Effect of hydro-alcoholic extract of Salvia
haematodes root on step down latency by passive shock avoidance paradigm in rats, [B] Effect of hydro-alcoholic extract of S. haematodes root on locomotor activity in rats, [C] Effect
of hydro-alcoholic extract of S. haematodes root on brain acetylcholine esterase (AChE) activity in rats [Values were expressed as mean + SEM (n = 5). * indicates p < 0.01 as

compared to normal control, *p < 0.01 as compared to toxic control].

Alzeimer's disease. However, further investigation is warranted to
explore the possible involvement of other neurotransmitters such
as glutamate, y-aminobutyric acid and catecholamines responsible
for the memory improving property of S. haematodes. It may be
carried out to isolate the active principle(s) from S. haematodes
roots and to determine the mechanism of action.

5. Conclusion

Present study concluded that hydro-alcoholic extract of S. hae-
matodes Wall root possesses protective effect on cognitive function
against scopolamine-induced memory impairments by elevating
acetylcholine level in the brain. Thus, it may be explored as a useful

memory restorative agent in the management of cognitive dys-
functions as in amnesia and Alzheimer's diseases.
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