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of curcumin, bisdemethoxycurcumin and demethoxycurcumin) share vital
pharmacological properties possessed by turmeric, a well known curry spice, considered useful in
Alzheimer's disease (AD). The aim of this study was to evaluate if curcuminoids possess acetylcholinesterase
(AChE) inhibitory and memory enhancing activities. The in-vitro and ex-vivo models of AChE inhibitory
activity were used along with Morris water maze test to study the effect on memory in rats. Curcuminoids
inhibited AChE in the in-vitro assay with IC50 value of 19.67, bisdemethoxycurcumin 16.84, demethox-
ycurcumin 33.14 and curcumin 67.69 µM. In the ex-vivo AChE assay, curcuminoids and its individual
components except curcumin showed dose-dependent (3–10 mg/kg) inhibition in frontal cortex and
hippocampus. When studied for their effect on memory at a fixed dose (10 mg/kg), all compounds showed
significant (pb0.001) and comparable effect in scopolamine-induced amnesia. These data indicate that
curcuminoids and all individual components except curcumin possess pronounced AChE inhibitory activity.
Curcumin was relatively weak in the in-vitro assay and without effect in the ex-vivo AChE model, while
equally effective in memory enhancing effect, suggestive of additional mechanism(s) involved. Thus
curcuminoids mixture might possess better therapeutic profile than curcumin for its medicinal use in AD.

© 2008 Elsevier Inc. All rights reserved.
1. Introduction
Alzheimer's disease (AD) is a devastating neurodegenerative
disease with progressive loss in memory (Blennow et al., 2006). AD
is characterized by the deposition of the senile plaques mainly
composed of β-amyloid (Aβ) fragment and neurofibrillary tangles
(Blennow et al., 2006; Selkoe, 2001). Despite intensive advancement
in research, available therapeutic options are limited, thus, increasing
demand for new drugs. In the recent past, medicinal plants attracted
attention due to their potential role in dementia (Akhondzadeh et al.,
2003; Le Bars et al., 1997; Ng et al., 2006; Wettstein, 2000).

Turmeric (rhizome of Curcuma longa) is a medicinal herb of high
repute all over the world particularly in South Asia, where it is also
used as curry spice in foods (Gilani et al., 2005; Goel et al., 2008).
Turmeric has been traditionally used for its medicinal value in wound
healing, inflammation, asthma, epilepsy, gall bladder stones, abdom-
inal cramps, high cholesterol, congestion and AD (Duke, 2002; Kapoor,
1990; Nadkarni, 1986), but underlying pharmacological mechanism in
most disorders particularly in AD is not yet clear. There is some
evidence that curry consumption in old age is associated with better
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cognitive function (Ng et al., 2006), but there is lack of scientific
evidence supporting the use of turmeric in AD.

Literature search revealed the presence of different active
principles isolated and characterized in search for compound(s)
with potential pharmacological properties, which include curcumin,
bisdemethoxycurcumin, demethoxycurcumin, eugenol, dihydrocur-
cumin, azulene, D-camphene, caprylic acid, cineol, turmerone and
zingiberine (Duke, 1992). It is also reported to contain β-caryophyl-
lene, β-bisabolene and β-sesquiphellandrenendrene (Qin et al., 2007).

Compounds derived from the turmeric have shown an array of
pharmacological properties. Curcumin, which is considered the main
active constituent responsible for majority of the medicinal properties
of turmeric, has been studiedmost extensivelywith particular focus on
anticancer activity (Aggarwal et al., 2003; Duvoix et al., 2005; Kamat
et al., 2007; Kunnumakkara et al., 2008). Curcumin is present in the
largest quantity (75–80%) in curcuminoids and it is one of the well
studied biologically active molecule of the turmeric exhibiting
antioxidant and anti-inflammatory activities (Eybl et al., 2006;
Mukhopadhyay et al., 1982; Reddy and Lokesh, 1994; Zhao et al.,
1989), along with having potential in transgenic mouse model of AD
(Lim et al., 2001). It has also been shown that curcumin through metal
binding (Baum and Ng, 2004; Daniel et al., 2004), inhibiting Aβ fibril
formation and destabilizing preformedfibrilmay provide protection in
AD (Ono et al., 2004b). On the other hand, curcuminoids is amixture of
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curcumin 75–80%, demethoxycurcumin 15–20% and bisdemethoxy-
curcumin 3–5% (Aggarwal et al., 2007) and possess the ability to inhibit
lipid peroxidation in rat brain homogenates better than α-tocopherol
(Sreejayan and Rao, 1994). Curcuminoids enhance Aβ clearance by
promoting uptake through macrophages (Zhang et al., 2006). In
addition to this, the potential of curcuminoids to protect cells from Aβ
(1–42) insults (Kim et al., 2001) and to inhibit in-vitro Aβ fibril
formation (Kim et al., 2005) indicate that curcuminoids may have
potential to get place in therapeutics for the treatment of AD.

Until now, acetylcholinesterase (AChE) inhibitors are the major
class of drugs approved for AD, providing symptomatic relief and
resulting in improvement in cognitive function (Blennow et al., 2006).
Curcuminoids as a mixture can serve as a better treatment option
for AD or curcumin, the main component of the curcuminoids, is
an open question; furthermore, it would be interesting to know if the
curcuminoids along with individual compounds possess AChE
inhibitory activity. In this report, curcuminoids as a mixture of three
compounds is compared with the individual components for their
AChE inhibitory along with memory enhancing activities.

2. Materials and methods

2.1. Drugs and chemicals

Physostigmine, electric eel acetylcholinesterase, acetyl thiocholine
iodide and 5, 5-dithiobis (2-nitrobenzioc) acid were obtained from the
Sigma Chemical Company, St. Louis, MO, U.S.A. Curcuminoids N95%
purity (having bisdemethoxycurcumin 4.15%, demethoxycurcumin
16.53% and curcumin 79.52%) and its individual components,
bisdemethoxycurcumin (78% purity), demethoxycurcumin (98% pur-
ity) and curcumin (98.35% purity) were generous gifts from the
Sabinsa Group of Companies, 70 Ethel Road West, Unit 6, Piscataway,
NJ 08854, USA. Purity of the curcuminoids and individual components
was established by the Sami Labs Ltd, Banglore, India (part of the
Sabinsa Group of Companies) through HPLC. Drug solutions were
made fresh on the day of experiment.

2.2. Animals

Experiments performed complied with the rulings of the Institute
of Laboratory Animal Resources, Commission on Life Sciences,
National Research Council (NRC, 1996) and the protocol was approved
from the Ethical Committee for Research on Animals (ECRA), Aga Khan
University. Male, Sprague–Dawley rats (180–250 g) were bred and
housed in the animal house of the Aga Khan University under a
controlled environment (23–25 °C). Animals were given tap water ad
libitum and a standard diet consisting of (g/kg): flour 380, fiber 380,
molasses 12, NaCl 5.8, nutrivet L 2.5, potassium meta bisulphate 1.2,
vegetable oil 38, fish meal 170 and powdered milk 150.

2.3. In-vitro acetylcholinesterase assay

The modified method of Ellman et al. (1961) was used. Electric eel
acetylcholinesterase was used, while acetyl thiocholine iodide (ATCI)
was used as a substrate of the reaction. 5, 5-dithiobis (2-nitrobenzioc)
acid (DTNB) was used for the measurement of AChE activity. In this
procedure, 150 µl of 0.1 M sodium phosphate buffer (pH 8.0), 10 µl test
compound solution (in ethanol), and 20 µl of enzyme solution
(0.09 units/ml) were mixed and incubated for 15 min at 25 °C. 10 µl
of DTNB (10 mM) was then added and reaction was initiated by the
addition of substrate (10 µl of ATCI, 14 mM solution). The hydrolysis of
the ATCI can be measured by the formation of the colored product 5-
thio-2-nitrobenzoate anion formed by the reaction of DTNB and
thiocholine, which is released by the hydrolysis of enzyme. The
formation of the coloured product was measured at 410 nm wave
length after 10min. Physostigmine, a standard AChE inhibitor, was used
as positive control, which was dissolved in ethanol. Percent acetylcho-
linesterase inhibition was calculated using following formula.

Percentage inhibition ¼ 100−
Absorbance of the test compound

Absorbance of the solvent
� 100

� �

2.4. Ex-vivo acetylcholinesterase assay

AChE activity in rat brainwasmeasured as described earlier (Isoma
et al., 2002). Different doses of the test compounds were administered
intra-peritoneally. Animals were sacrificed by decapitation under
ether anesthesia 1 h after the drug administration. The frontal cortex
and hippocampus were dissected out in ice cold 0.1 M phosphate
buffer saline (pH 8.0). These tissues were homogenized in ice cold
0.1 M phosphate buffer saline (pH 8.0) using homogenizer. The
homogenates were centrifuged at 1000 ×g for 10 min at 4 °C, and
supernatant was used as a source of enzyme in AChE assay adopting
same assay procedure as explained above. Protein concentration in the
supernatant was measured using Bradford (1976) method.

2.5. Morris water maze test

The testingprocedurewas sameas thatdescribedpreviouslybyMorris
(1984). The experimental apparatus consisted of a circular water tank
(120 cm in diameter, 45 cm high). An invisible platform (15 cm in
diameter, 35cmhigh)wasplaced1.5 cmbelowthe surfaceofwater.Water
temperaturewaskept at 21–23 °C. Thepoolwas located in a test roomand
many clues external to themazewere visible from the pool (e.g., pictures,
lamps, etc.), which could be used by the rats for spatial orientation. The
position of the cues was kept constant throughout the task.

2.5.1. Training trial
The training trials were carried out before administration of

scopolamine, or other drugs. Each rat received 2 trials per day for 7
consecutive days. At the start of a trial, rats were placed randomly at
one of four fixed starting points facing the wall (designated North,
South, East andWest) and were allowed to swim for 90 s, or until they
escape the task by finding the platform. The platformwas located in a
constant position throughout the test period in the middle of one
quadrant, equidistant from the center and edge of the pool. In each
training session, the latency to escape to the hidden platform was
recorded. If the rat found the platform, it was allowed to remain there
for 20 s and then returned to its home cage. The rats that could not
reach the platform in 20 s on the 7th day were excluded.

2.5.2. Test trial
Immediately after the fourteenth training trial on the 7th day, the

trained rats were injected scopolamine (2 mg/kg, i.p.); 30 min later,
test compounds (doses in mg/kg, i.p.) were injected. One hour after
the administration of test compounds, rats were allowed to swim and
the time spent to reach the platform was recorded.

2.6. Statistical analysis

Data are expressed as mean±standard error of the mean (SEM;
n=number of experiments). Median inhibitory concentrations (IC50
values) are represented with 95% confidence intervals (CI). Results
were analyzed statistically using “Graphpad Prism” software and
taken as significant only if the p value was less than 0.05.

3. Results

3.1. Effect on in-vitro acetylcholinesterase activity

When studied for its possible inhibitory effect in the in-vitro assay,
curcuminoids mixture showed AChE inhibitory activity in a dose-



Fig. 3. Chemical structure of curcumin (A), demethoxycurcumin (B) and bisdemethox-
ycurcumin (C).

Fig. 1. Bar diagrams showing effect of curcuminoids mixture and its individual
components in the in-vitro AChE assay: All experiments on 4 different test materials
were conducted at the same time using physostigmine as a single positive control. Error
bars represent mean±SEM; n=5. Note: Dose ranges on the X-axis are selected to show
AChE inhibitory effect with in the range of 15–80% response, thus allowing to calculate
IC50values through regression analysis.
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dependent manner with an IC50 value of 19.67 µM (14.31–25.02;
95% CI) as shown in Fig. 1. When individual components of
curcuminoids were studied, all of the test compounds were able to
inhibit AChE activity dose-dependently with varying potency. Bisde-
methoxycurcumin was the most potent with IC50 values of 16.84 µM
(15.07–18.60) while, demethoxycurcumin was found intermediate in
potency with IC50 value of 33.14 µM (29.08–37.19) and curcumin was
the least potent with IC50 value of 67.69 µM (63.71–71.66).

In another set of experiments, the effect of curcuminoids mixture
was compared with that of individual components using a fixed dose
(30 µM). Bisdemethoxycurcumin was found more effective than the
parent curcuminoids (pb0.01), while, demethoxycurcumin shared
comparable inhibitory effect (pN0.05) and curcumin was found less
active (pb0.001) when compared to the parent curcuminoids mixture
Fig. 2. Comparison of curcuminoids mixture with its individual components for AChE
inhibitory activity using single dose (30 µM): Error bars represent mean±SEM; n=5.
⁎⁎pb0.01 and ⁎⁎⁎pb0.001 compared with curcuminoids.
(Fig. 2). It appears that the adding methoxy group (-OCH3) in the
chemical structure reduces AChE inhibitory activity (Fig. 3).

3.2. Ex-vivo acetylcholinesterase assay in frontal cortex and hippocampus

Knowing the fact that there is cholinergic hypofunction in AD
(Whitehouse et al., 1982), our next questionwas to see if curcuminoids
also inhibit AChE in hippocampus and frontal cortex. One hour after
Fig. 4. Bar diagrams showing comparison of curcuminoids mixture with its individual
components for their AChE inhibitory activity in the ex-vivo assay in rats: One hour after
the i.p. administration of test compounds (3 and 10 mg/kg), AChE assay was carried out
in frontal cortex (A) and hippocampus (B). Physostigmine was used as a standard AChE
inhibitor. Error bars represent mean±SEM; n=5. ⁎⁎pb0.01 and ⁎⁎⁎pb0.001 compared
with control group marked as C (saline treated group). P=Physostigmine (0.06 mg/kg).
ns=Non significant (pN0.05). #pb0.05 curcuminoids compared with bisdemethox-
ycurcumin and demethoxycurcumin at the 10 mg/kg dose.



Fig. 5. Bar diagram showing comparison of curcuminoids mixture with its individual
components for their effect on memory using Morris water maze test in rats: Saline was
administered in a control group of animals and scopolamine (2 mg/kg i.p.) was
administered in scopolamine group. Curcuminoids and individual compounds were
studied for their effect on memory in scopolamine-induced amnesia at a single dose
(10 mg/kg i.p.). Error bars represent mean±SEM; n=8–10. ⁎⁎⁎pb0.001 compared with
scopolamine treated group.
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the treatment with test compounds in two different doses (3 and
10 mg/kg; i.p.), animals were sacrificed; frontal cortex and hippo-
campal tissues were isolated. Supernatants were collected as
explained in methods. Protein was estimated in supernatants using
Bradford method and adjusted to 5 mg/ml. Results showed that
curcuminoids at the doses of 3 and 10 mg/kg caused AChE inhibitory
activity in the frontal cortex as well as in hippocampus (Fig. 4A and B).

When individual components of the curcuminoids were evaluated
for their AChE inhibitory activity in frontal cortex and hippocampus,
both bisdemethoxycurcumin and demethoxycurcumin inhibited AChE
activity in a dose-dependent manner, while curcumin showed
negligible effect (pN0.05) even at the highest dose used (10 mg/kg)
as shown in Fig. 4A and B. Moreover, when compared with individual
components at the dose of 10 mg/kg, curcuminoids mixture exhibited
AChE inhibitory activity higher than that of demethoxycurcumin in
frontal cortex and hippocampus; when compared with bisdemethox-
ycurcumin, it showed similar effect in frontal cortex but stronger
effect in hippocampus (Fig. 4A and B).

3.3. Effect of curcuminoids on memory in rats

Curcuminoids mixture and its individual components were
investigated for their effect on memory using Morris water maze
task (Morris, 1984). After the intraperitoneal injection of scopola-
mine (2 mg/kg), rats showed impairment in the spatial memory
compared to that of the control group in which there was no change
in the latency to find hidden platform (Fig. 5). The test compounds
were injected intraperitoneally after the administration of scopola-
mine (2 mg/kg) to see if they can reverse scopolamine-induced
amnesia. After treating with curcuminoids mixture or the individual
components (10 mg/kg), there was significant reversal (pb0.001)
seen in thememory impairment, induced by the scopolamine (Fig. 5),
with no clear difference in activity amongst all the test compounds
(pN0.05), which indicates that all compounds possess comparable
memory enhancing effect in this model. Curcumin, which showed
negligible AChE inhibitory effect in the ex-vivo model, was able to
show comparable reversal of scopolamine-induced amnesia,
thus indicating some additional mechanism(s) in its effectiveness
for AD.

4. Discussions

Curcuminoids mixture due to its potential therapeutic profile
represent as an emerging candidate particularly for AD. Although,
curcumin, the main constituent of the curcuminoids mixture, has
been shown to possess some potential therapeutic activities for AD
conditions (Yang et al., 2005), but to our knowledge other components
were not explored, except a few preliminary reports (Park and Kim,
2002) particularly for their effect on the cholinergic system, which
represents the core component of the AD pathology (Coyle et al., 1983;
Whitehouse et al., 1982).

Activation ofmuscarinic acetylcholine receptors enhances GABAer-
gic transmission in the cortical pyramidal neurons (Zhong et al., 2003).
This GABAergic inhibition is known to control the flow of information
in cortical circuits, thus, critical for the execution of certain forms of
memory (Constantinidis et al., 2002). Therefore, cholinergic hypofunc-
tion represents as one of the major problems resulting in cognitive
impairment,which is oneof the conditions inAD. The results of ex-vivo
AChE assay revealed that curcuminoids mixture possesses AChE
inhibitory activity in hippocampus and frontal cortex, which strongly
suggests the ability to cross blood brain barrier and inhibit AChE
enzyme providing longer time for acetylcholine to stimulate post-
synaptic muscarinic receptors. Enhancing cholinergic transmission is
likely to offer beneficial effects which may improve debilitated AD
patient's conditions.

In the in-vitro AChE assay, the individual components of the
curcuminoids mixture showed AChE inhibitory activity in the
decreasing order as bisdemethoxycurcumin, demethoxycurcumin
and curcumin. When curcuminoids mixture was compared with the
individual components for its in-vitro AChE inhibitory activity, it is
evident that the parent mixture of curcuminoids was slightly less
effective than bisdemethoxycurcumin, the most effective individual
component (Fig. 2), however, in the ex-vivo assay, no individual
compound showed better profile than the parent curcuminoids, rather
curcuminoids mixture showed activity either comparable to that of
bisdemethoxycurcumin or higher than other two individual com-
pounds (Fig. 4A and B), while curcumin showed negligible effect
(pN0.05). Different explanations can be made for the better profile of
curcuminoids in the ex-vivo system. Curcuminoids as a mixture might
be penetrating better through blood brain barrier or it could be
because of some synergistic interaction between the individual
components, when they are present in a formulation, close to the
natural form. Interestingly, plant extracts and/or fractions which are
known to contain multiple chemical entities have been shown to
possess synergistic and/or side-effect neutralizing potential (Gilani
and Rahman, 2005). Possibility also exists for different kinetics of the
drug binding with enzyme at molecular levels, when in the form of a
mixture.

Curcumin in the ex-vivo assay showed negligible inhibitory effect
(pN0.05) while moderately effective in the in-vitro AChE assay,
which needs explanation. It has been found that curcumin has poor
absorption (Wahlstrom and Blennow, 1978) and limited penetration
into the brain (Pan et al., 1999), which may explain its inability to
show AChE inhibitory activity in the ex-vivo model. In the present
study, bisdemethoxycurcumin was found the most active in the in-
vitro AChE assay when compared with other components of the
curcuminoids, but was found inactive in inhibiting lead-induced lipid
peroxidation as opposed to other two components (Dairam et al.,
2007), indicating that each single compound has varying degree of
effectiveness in different models considered useful for AD; thus
parent mixture of curcuminoids is likely to offer better therapeutic
potential sharing wider range of activities. It appears as replacing the
methoxy group on benzene ring with hydroxyl group increases AChE
inhibitory activity, as bisdemethoxycurcumin being the most active
amongst the curcuminoids. Interestingly, other studies have also
similar observation where the number of hydroxyl groups in
polyphenols and tannic acid (bisdemethoxycurcumin in this case
“Fig. 3”) have shown strong link with the anti-amyloidogenic and
fibril-destabilizing activities (Ono et al., 2006, 2004a, 2003). A
possibility exists that curcuminoids mixture might be more active
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than curcumin for its anti-amyloidogenic and fibril-destabilizing
activities.

Memory impairment in AD patients is a condition that makes them
dependent upon their caregivers. Our data show that curcuminoids
and the individual components exhibited memory enhancing effect in
Morris water maze test. Furthermore, AChE inhibitory activity of the
curcuminoids corresponded well with the memory enhancing effect
while, curcumin failed to show this correlation at the similar doses
(Figs. 4 and 5). The fact that, curcumin, which was relatively week in
its AChE inhibitory effect and devoid of significant AChE inhibitory
activity in the ex-vivo assay, but still shared comparable memory
enhancing effect in Morris water maze test, suggests that curcumin
enhances memory in this model possibly through mechanism(s)
independent of the AChE enzyme inhibition. Interestingly, curcumin
has also been reported to possess antioxidant (Dairam et al., 2008;
Zhao et al., 1989), anti-inflammatory (Ammon et al., 1993) and calcium
antagonist (Gilani et al., 2005) activities along with memory
enhancing effect (Dairam et al., 2007). Memory enhancing effect
shared by curcumin in the present study might be due to these known
properties of curcumin, though additional mechanism(s) cannot be
ruled out. Taken together, these properties of the curcumin and its
ability to decrease plaque burden in AD (Garcia-Alloza et al., 2007;
Yang et al., 2005), might be contributing for its effectiveness, thus
attracted for clinical trail in AD (Baum et al., 2008).

We need to improve our understanding how curcuminoids as a
mixture is pharmacologically different from purified curcumin.
Curcuminoids mixture is known to inhibit lipid peroxidation in rat
brain homogenates (Sreejayan and Rao, 1994), scavenge nitric oxide
radicals (Sreejayan and Rao,1997), protect cells from Aβ (1–42) insults
(Kim et al., 2001), inhibit Aβ induced inflammatory cytokines
expression (Giri et al., 2004), enhance memory (Frautschy et al.,
2001) and inhibit in-vitro beta amyloid fibril formation (Kim et al.,
2005) in addition to its strong AChE inhibitory activity observed in the
present study. Curcumin though has little effect on AChE activity, it
constitutes 75–80% of the curcuminoids mixture (Aggarwal et al.,
2007); hence, curcumin is likely to play a major role towards the
therapeutic success of curcuminoids, though the parent curcuminoids
mixture has a merit of possessing additional AChE inhibitory activity
primarily due to other two components. The doses at which
curcuminoids show AChE inhibitory and memory enhancing effects
are quite relevant from the clinical point of view, because clinical
studies have shown safety of the curcuminoids up to the oral dose of
as high as 12 g (Lao et al., 2006).

To our knowledge this is the first report providing evidence for the
AChE inhibitory and memory enhancing effect of the curcuminoids in
scopolamine-induced amnesia in rats. Moreover, reported antiox-
idant, anti-inflammatory and inhibitory effects on Aβ fibril formation
may highlight curcuminoids to be considered as a candidate for
clinical trails. Our data provide substantial initial evidence for the
therapeutic potential of the curcuminoids with raising several
interesting questions and inviting further investigations. It will be
interesting in the future to dissect out kinetics of the curcuminoids as
well as individual components. Secondly, the effect of curcuminoids
and individual components at molecular level may present interesting
scenario, to see how they are changing cellular machinery of RNA and
proteins to show their effects. To summarize, these data indicate that
curcuminoids mixture possesses a wide range of pharmacological
activities beneficial for AD. Hence, curcuminoids may find the place as
potential therapeutic option.
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