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Abstract

We studied on the effect of Curcuma longa extract on spatial learning-related memory ability of
old rats in eight-arm radial maze task. Rats were randomly divided into two groups: one group
was orally administered 100 mg/KgBW /day C. longa extract (CLE) dissolved in deionized water
and the other group was administered the vehicle alone for 10 weeks. The rats were tested with
the partially baited eight-arm radial maze to evaluate two types of spatial memory-related learn-
ing ability displayed by reference memory errors (RMEs) and working memory errors (WMEs).
Chronic administration of CLE significantly decreased the number of RMEs and WMEs, concur-
rently with the decreases in the cortico-hippocampal levels of lipid peroxides (LPO) and tumor
necrosis factor alpha (TNF-a). In a parallel set of experiments, CLE-pretreated rats of the same age
group were subjected to hypoxia-reperfusion injury by carotid artery occlusion to induce oxida-
tive stress in the brains in order to examine whether such an in vivo hypoxia-induced oxidative
stress could be ameliorated by the extract. Again, the levels of LPO were significantly decreased in
the cortico-hippocampal tissues of the CLE-fed hypoxic rats. The histology of the brains also re-
vealed that the CLE-pretreated rats had retained improved cellular integrity. Finally, our results
provide the evidence that oral administration of C. longa extract increases the defense against
oxidative stress and proinflammatory TNF-a, concurrently with the improvement of memory-re-
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lated brain cognitive ability of the aged rats.
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1. Introduction

Curcuma longa, commonly known as turmeric, is one of the most studied medicinal plants with potential anti-
cancer, anti-inflammatory and neuroprotective effects [1] [2]. The most important active constituent of C. longa
is the curcumin, which is responsible for the vibrant yellow color of the turmeric [3] [4]. The yellow pigment
curcumin (diferuloylmethane) is a low molecular weight polyphenol which is mostly implicated in the antioxi-
dant and anti-inflammatory effects [5]. Studies have shown that curcumin prevents lipid peroxidation in animal
brains [6], inhibits the formation of beta-amyloid oligomers and fibrils both in vitro and in vivo [7]-[10], and at-
tenuates inflammatory response of brain microglial cells [11] [12]. One study has reported that curcumin is more
potent than vitamin E as a free radical scavenger [13]. Recently Pyrzanowska et al. (2010) reported that the ex-
tract of C. longa enhances the learning and memory of old rats in the water maze [14]. Our aim in this study was
to examine the hypothesis that curcumin might play an important role in spatial memory formation. Although
various studies reported positive effects of curcumin on the spatial learning ability, in most of the cases Morris
water maze paradigm was used to evaluate the learning ability. It is, however, difficult to interpret the learning
abilities measured in one procedure due to drug- or lesion-induced deficits [15]. Therefore, we examined the ef-
fect of chronic administration of C. longa extract (CLE) on the spatial memory by eight-arm radial maze, and
whether CLE administration concurrently affects the levels of lipid peroxidation and tumor necrosis factor alpha
(TNFa) in the cortex/hippocampus regions of old rat brains. Radial maze measures learning ability by measuring
two types of memory, reference memory and working memory. Reference memory is the information that
should be retained until the next trial. Working memory is the information that disappears in a short time. In the
present experimental paradigm, “entries into unbaited arms” and “repeated entries” into visited arms were de-
fined as reference memory errors and working memory errors, respectively. Thus the effects of C. longa extract
on the reference memory errors and working memory errors were evaluated. Besides, forebrain ischemia was
induced by temporary occlusion of common carotid artery to examine whether chronic oral preadministration of
C. longa extract prevents against the oxidative stress in the brains of the hypoxic rats. Finally, the outcomes of
the effect of C. longa extract on hypoxia-induced oxidative stress were correlated with the effect of C. longa ex-
tract on spatial memory of old rats.

2. Materials and Methods
2.1. Animals

Male Long Evans rats (75-week-old) taken from the University Animal House, were housed in a room under
controlled temperature (25°C + 2°C), relative humidity (50% + 10%) and light—dark cycles (light: 06:00 - 18:00;
dark: 18:00 - 06:00). They were fed a standard pellet diet and water ab libitum. Two parallel independent expe-
riments were run: the effects of oral administration of C. longa extract (CLE) on the learning-related spatial
memory of old rats (Behavioral experiment), and oxidative stress and histology of the hippocampus of the old
rats subjected to hypoxia-reperfusion injury. For behavioral experiment, 21 rats were randomly divided into two
groups: the Control (vehicle) group (n = 11) and the C. longa extract (CLE)-fed group (n = 10). The C. longa
extract was suspended in water and fed orally by gastric tube at 100 mg/kg BW/day; the rats of the Control
group were orally fed a similar volume of water only. Oral administration of the CLE was continued until the
completion of behavioral experiments. For hypoxia-reperfusion injury model (carotid artery occlusion experi-
ment), 20 rats were randomly divided into four groups each consisting of 5 rats: Control (vehicle) group; C.
longa Extract (CLE)-fed group; Hypoxia-alone group and Hypoxia + CLE-fed group. The C. longa extract was
suspended in water and fed orally by gastric tube at 100 mg/kg BW/day; the rats of the Control and/or Hypoxia-
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alone group were orally fed a similar volume of water. Administration of the CLE was continued for six weeks
before surgery.

All the rats were cared for and killed in accordance with the procedures outlined in the Guidelines for Animal
Experimentation of the University, compiled from the Guidelines for Animal Experimentation of the Bangla-
desh Association for Laboratory Animal Science.

2.2. Behavioral Experiment

A standard eight-arm radial maze was used for the estimation of learning-related memory ability, as previously
described [16]. The maze was placed in a closed room with a number of visual cues: ceiling lights, curtained
door and windows and some fixed photographic signs. The experimenter maintained a constant position beside
the maze and observed the behavior of the rats. In the experimental paradigm, the animal received food rewards
at specific points along the path of the track of the eight-arm radial maze [17]. Three weeks after starting the
CLE administration, each rat was placed on a limited-food schedule designed to maintain the weight at 80% - 85%
of the free-feeding weight and was handled 5 min daily for five consecutive days to familiarize with the experi-
menter. Then, the rats were familiarized with the apparatus for five days, where 45 mg of reward pellets was
scattered throughout the maze.

During the testing period, each rat was given one daily trial for seven days/week. A trial consisted of baiting
only four arms with reward pellet and placing the rat in the center platform facing a randomly selected arm. On
that occasion, the same four arms were baited consistently for any one animal, which were determined by the
raffle system. The testing continued for seven weeks and involved two parameters of memory-related functions:
Reference Memory Errors (RMES), entry into unbaited arms; and Working Memory Errors (WME), repeated
entry into arms that had already been visited within a trial.

2.3. Preparation of Brain Tissues

After completion of the eight-arm maze task, the rats were anesthetized with ketamine (100 mg/kg body weight,
i.p.) to collect blood, brains and other tissues. The brains were rapidly removed and dissected into cerebral cor-
tex and hippocampus, as described previously [16]. Then brain tissues were immediately homogenized in
ice-cold phosphate buffer (pH 7.4), containing 1 mM PMSF using Dounce tissue homogenizer. The homoge-
nates were immediately subjected to the biochemical assays and/or stored at —80°C.

2.4. Lipid Peroxidation (LPO) Assay

The levels of lipid peroxide (LPO) in the brain tissues were assessed by the thiobarbituric acid-reactive sub-
stances assay of Ohkawa et al. (1979) [18], as previously described [19]. The reaction mixture, containing 0.1
ml homogenate, 0.1 ml 8.1% sodium dodecy! sulfate and 2.0 ml of a 0.8% solution of thiobarbituric acid in 20%
acetic acid solution (pH 3.5), was made up to a final volume of 3.0 ml with distilled water. The mixture was
heated at 95°C for 60 min. After cooling with tap water, 2.0 ml of a mixture of n-butanol and pyridine (15:1, v/v)
was added, and the whole mixture was shaken vigorously for 10 min. After centrifugation at 1000x g for 10 min,
the absorbance of the organic (upper) layer was measured at 532 nm. The data are expressed as nmol of malon-
dialdehyde/mg protein using 1,1,3,3-tetraethoxypropane as a standard.
Total protein was estimated by the method of Lowry et al. (1951) [20].

2.5. Determination of TNF-a Protein Levels in the Cortico-Hippocampal Tissues

The levels of TNF-a in the cortex/hippocampus were estimated according to the previously described method
[21]. Briefly, the multi-well plate was coated with cytosolic fraction of cortex/hippocampus in 0.1 M sodium
bicarbonate, pH 9.6 at 4°C overnight and then blocked with 1% BSA in Tris-buffered saline (TBS). The primary
antibody anti-rabbit TNF-a (Santa Cruz Biotechnology, CA, USA), at 1:1000 dilutions was incubated in the
plate for overnight at 4°C. Horseradish peroxidase-coupled anti-rabbit 1gG (Biosource International, Inc., Cama-
rillo, CA, USA) was used as the secondary antibody and incubated further for 2 h at room temperature before the
addition of tetramethylbenzidine substrate to develop color. The reaction was stopped by addition of 0.1 N HCI af-
ter incubation for 30 min at room temperature. Wells coated with only 0.1 M carbonate buffer, pH 9.6 were used as
blank. The plates were analyzed with a multiwell plate reader (ErbaLisascan Il, Mannheim, Germany) at 450 nm.
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2.6. Hypoxia Experiment: Surgery for Unilateral Common Carotid Artery Occlusion

The rats were subjected to occlusion of left common carotid artery (LCCA) [22] [23]. After anesthesia by keta-
mine (100 mg/kg body weight, i.p.), skin was carefully incised in the left-side of neck to expose the LCCA.
Ischemia-reperfusion injury was produced by blocking LCCA for 45 minutes with the aid of metallic clips. Af-
terwards, the clips were released for reperfusion for 30 minutes. Body temperature was maintained at about
37°C during the whole period with the help of a heating pad. Then the hypoxic rats were killed, their hippocam-
pus and cerebral cortex were separated on ice and homogenized [16] and subjected to lipid peroxidation (LPO)
assay (as described above). Brains of some animals were fixed in 10% neutral buffered formalin for histology.

2.7. Histology

Formalin fixed brains were processed with paraffin. Sections with a thickness of 10 um were cut and stained
with hematoxylin and eosin for examining the overall morphology. Sections were mounted on gelatin-chrome-
alum coated slides. The microscopic observation was made by fluorescent microscope normal spectra in 100x
and 10x.

2.8. In Vitro Antioxidative Properties of C. longa

Total phenolic content of C. longa extract was determined by using the Folin-Ciocalteu’s method, as previously
described [24] [25]. Polyphenaol compounds present in the extract reduce phosphotungustomolybdic acid of Fo-
lin-Ciocalteu’s reagent in alkaline solution to produce a highly blue colored solution. The color complex was
measured at 765 nm. The concentration of total phenol compounds in the extract was determined against gallic
acid as standard compound (mg of gallic acid equivalent/gm of extract). Total flavonoids (TF) were measured
following a previously reported spectrophotometric method [26] against quercetin as a reference standard (mg of
quercetin equivalent/gm of extract). The DPPH (2, 2 diphenyl-1-picrylhydrazyl) free radical scavenging activity
of C. longa extract was evaluated as described previously [27]. The free radical scavenging ability was eva-
luated through recording the change of absorbance produced by the reduction of the absorbance of 0.2 mM of
DPPH. DPPH scavenging potential was calculated as (%):

[ADPPH ] - |:ADPPH+Scavenger J
[/\DPPH]

where, Apppy = Absorbance of the DPPH (0.2 mM) alone; Apppriscavenger = Absorbance of the DPPH in the
presence of scavenger (here, curcumin standard and/or C. longa extract).

The in vitro anti-LPO activity of C. longa extract was monitored by directly inducing oxidative stress (OS) in
the brain tissue homogenates by Fenton’s reagent (100 pl of H,O, 45 mM: FeSO, 2 mM). Briefly, the samples,
homogeante (0.1 ml) — alone (control); homogenate + Fenton’s reagent (OS); homogenate + OS + 100 pl C.
longa extract (10 mg/ml) (OS + C. longa) were incubated at 37°C for 2 h. Afterwards, the levels of LPO in the
samples were measured, as indicator of oxidative stress.

x100

2.9. Statistical Analysis

All results are expressed as mean * standard error of the mean (SEM). The statistical significance of the differ-
ences in the behavioral scores between the control and the C. longa extract group was determined by two-way
ANOVA, with group and block number as factors. One-way ANOVA was used for the analyses of in vitro an-
ti-LPO activity of the extract and those of the LPO levels of the hypoxic rats. The statistical significance of the
differences in the mean values of the levels of LPO and TNF-« protein between the groups were determined by
student’s t-test. Software’s used were StatView® 4.01 (MindVision Software, Abacus Concepts, Inc., Berkeley,
CA, USA), GRAPHPAD PRISM® (version 5.00; GraphPad Software Inc., San Diego, CA, USA). A value of P
<0.05 was considered as significant.

3. Results
3.1. Body Weight and Food Intake of the Rats after Maze Tests

There was a gradual and significant increase in body weight gain of both control and CLE-fed rats during the
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experimental period. However, the differences in body weight gain between the control and C. longa extract-fed
rats were not statistically significant seen (data not shown). Food intake between the control and experimental
groups were not also different. No mortality was observed in either of the rat groups.

3.2. Effect of Oral Administration of C. longa Extract on the Radial Arm Maze Task

Spatial memory is highly relevant in biology because it is related with both individual and species survival.
Among behavioral tests, one of the most suitable devices for measuring spatial learning and memory is the radi-
al maze. Thus we used eight-arm radial maze paradigm for the determination of the effect of oral administration
of C. longa extract on the spatial memory of old rats in our investigation. During the pre-training procedure the
data collection showed that rats required the maximum amount of time (300 seconds) in order to eat all the baits.
Thus data acquisition was completed within 300 seconds. Figure 1(A) shows the effect of chronic administra-
tion of C. longa extract on reference memory-related learning ability in aged rats. The score is expressed as
mean number of RMEs for each group, with data averaged over blocks of six trials. The analysis revealed a sig-
nificant main effect of blocks of trials (F = 307.0; P < 0.0001) and group (F = 22.85; P < 0.0001) on the number
of RMEs. The analysis also revealed a significant block and groups (Control and C. longa extract-fed group) in-
teractions (F = 19.34; P < 0.0001). Figure 1(B) shows the effect of chronic administration of C. longa extract on
working memory-related learning ability. The score is expressed as the mean number of WMEs for each group,
with data averaged over blocks of six trials. A two-way ANOVA was computed based on the scores. The analy-
sis revealed a significant main effect of blocks of trials (F = 15.97; P < 0.0001) and groups (Control and C. lon-
ga extract-fed group) (F = 122.3; P < 0.0001) on the number of WMEs. The analysis also revealed a significant
block and group interaction (F = 3.385; P = 0.0014).

3.3. Effect of Oral Administration of C. longa Extract on the Levels of Lipid Peroxide (LPO)
in the Cortico-Hippocampal Brain Tissues of the Old Rats

Aging is characterized by a progressive decline in the efficiency of tackling the oxidative stress. The impaired
functional capacity of many systems characterizes aging. When such impairments occur in the brain, the suscep-
tibility to neurodegenerative diseases amplifies considerably. The free radical theory of aging posits that the
functional impairments in brains are due to the attack on critical cellular components by free radicals and reac-
tive oxygen species produced during normal metabolism. Therefore, the effect of chronic oral administration of
C. longa extract on the oxidative stress of the brain cortex/hippocampal tissues was evaluated. Chronic oral ad-
ministration of C. longa extract significantly decreased the levels of LPO in the cortico-hippocampal brain tis-
sues, as compared to those of the control rats (Figure 2). The results thus suggest that free radicals, at least par-
tially, responsible for the functional impairment in aged brains, could be ameliorated by the C. longa extract.

3.4. Effect of Oral Administration of C. longa Extract on the Levels of TNF-« in the Brain
Cortex and Hippocampus of the Old Rats

Tumor necrosis factor alpha (TNF-a) is a cytokine produced mainly by cells of the immune system. It is also
expressed by brain neurons and glia and seen associated with neurodegenerative diseases of the brain. Therefore,
the effects of the oral administration of C. longa extract on the levels of the TNFa in the cortex/hippocampus
tissues were examined. Chronic oral administration of C. longa extract significantly decreased the levels of
TNF-a both in the cortex (~25%) and hippocampus (~18%), as compared to those of the control rats (Figure 3).

3.5. Effects of Preadministration of C. longa Extract on the Levels of LPO in the Brains of
Hypoxic Rats

We report a significant increase of the oxidative stress in the hypoxia-lesioned rats, as demonstrated by the sig-
nificant increase of the LPO levels in both the cortex and hippocampal tissues, when compared to those of the
nonhypoxic control rats. The hypoxic rats pretreated with C. longa extract (Hypoxia + CLE rats) had signifi-
cantly decreased levels of LPO both in the cortex and hippocampal tissues, as compared to those of the hypoxic
rats (Figure 4). The extract-alone also significantly reduced the levels of LPO in the cortex or hippocampus, as
compared to those in the control rats. Finally, these results demonstrate a significant inhibition of oxidative
stress instigated by the hypoxia-reperfusion injury in the brains of the old rats.
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Figure 1. Effects of oral administration of C. longa extract on reference memory errors (RMES) (A) and working memory
errors (WMEs) (B). Data are the mean = SEM for each block of six trials. Data were analyzed by randomized block two-way
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analyzed by unpaired student’s t-test.

0.25
0.20
0.15
0.10

0.05

LPO (nmol/mg protein)

0.00

120 120 .
- 100
~ 100 =
E . 2
g g 80
§ 80 - &
% 3
S 60 < 60
& 40 5 40
& &
Z 20 Z 20
0 0
Control Extract-fed Control
(A)

7 (A) Cortex

LPO (nmol/mg protein)

Control Extract Hypoxia Hypoxia+
Extract

0.25

0.20

0.15

0.10

0.05

0.00

Extract-fed

(B)
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0.05 (one-way ANOVA).
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3.6. Histological Analysis of the Hippocampus of the Hypoxic Rats

Hippocampus is considered as the key structure for memory formation, thus histology of the hippocampus is
reported in this investigation. Figure 5 shows the histological appearance of hippocampus in Control, Ex-
tract-administrated only, Hypoxia-only, and Hypoxia + Extract-preadministrated of rats. A distinguished perfect
cell arrangement was found in histological examinations of the brain hippocampus slice of C. longa extract-fed
rats (Figure 5(B)) than that of normal control rats (Figure 5(A)) brain slice. Pyramidal cell layers contained
more healthy and perfect cells in extract-fed rat brain slice (Figure 5(B)). Characteristic cell swelling and bro-
ken cell membranes were found in the hypoxic rat brain in contrast with those in the non-hypoxic controls and
extract-fed hypoxic rat brain. In the hippocampus of hypoxic rats, structures of the CA region were more dented;
pyramidal cell layer contained more inflammatory cells and was disseminated (Figure 5(C)), whereas more
normal and less inflamed pyramidal cell layer was found in the hippocampus of extract-fed hypoxic rat brains
(Figure 5(D)).

3.7. In Vitro Antioxidative Properties of C. longa Extract

Antioxidative phytoconstituents, including total polyphenols and flavonoid contents were determined in tripli-
cate. Total polyphenol contents of the C. longa extract were 46.8 + 1.5 mg/g of the extract against gallic acid
equivalent. Total flavonoid contents were 180 + 6.8 mg/g of the extract, against quercetin equivalent. After 10
min of co-incubation with DPPH (0.2 mM), the percentage scavenging activity of curcumin standard (0 - 400
mM) ranged 38% - 71%, while that of the extract of the C. longa (0 - 1.0 mg/ml) ranged 34% - 52%, thus indi-
cating a comparable free radical scavenging activity of the C. longa extract (Figure 6(A)). The rate of the scan-
vanging activity was also comparable with that of the pure curcumin standard, thus again suggesting the pres-
ence of a considerable amount of curcumin compound in the crude extract of the C. longa. The DPPH scaveng-
ing rates of C. longa (125 pg/ml extract) were 14% - 20% lower than those of the pure curcumin standard com-
pound (50 uM) (Figure 6(B)).

The anti-LPO activity of the C. longa extract was evaluated by its ability to inhibit in vitro Fenton’s rea-
gent-induced oxidative stress (OS) in the fresh hippocampal tissue homogenates. Fenton’s reagent significantly
increased the oxidative stress in the brain tissues (Figure 7), as evident by the increased levels of LPO. However,
the co-treatment of the Fenton’s reagent with C. longa extract significantly decreased the oxidative stress
(Figure 7). The results thus demonstrate a strong anti-LPO effect of C. longa extract.

Figure 5. Hematoxylene and eosin dye stained representative slices of brain hippocampus. (A) Control rats; (B) C. longa-
alone fed rats; (C) Hypoxic alone rats; (D) C. longa-pretreated + hypoxic rats. Here, green arrows show normal cell with
normal anatomical characteristics, clear nuclei, and red arrows showed cell swelling, cell rupture, diffused cell membranes

and nuclei. Picture at 100x magnification.
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Figure 7. The effect of in vitro co-treatment C. longa extract on Fenton’s reagent-induced oxidative stress (OS) in the rat
hippocampus homogenate. The bars represent the mean + SEM (Standard error of the mean; n = 3). Control = homoge-
nate-only; OS = Fenton’s reagent-induced oxidative stress in the homogenates; OS + C. longa extract = Fenton’s rea-
gent-induced oxidative stress + C. longa extract in the homogenates. Data were analyzed by one-way ANOVA followed by
Tukey’s least square differences test for post hoc comparisons. Bars with different alphabets are significantly different at P <
0.05.

4. Discussion

The results of the present investigation clearly demonstrate that the chronic oral administration of C. longa ex-
tract improves spatial memory-related learning ability in old rats. The oral administration of C. longa extract
concomitantly ameliorated the levels of proinflammatory tumor necrosis factor-alpha (TNF-a) and oxidative
stress in the cortico-hippocampal brain tissues, as indicated by the decreased levels of lipid peroxide (LPO) and
TNF-a in the C. longa extract-fed old rats. The extract-treatment did not have an influence on the body weight
of the rats and affect the liver/kidney functions-related enzymes, including glutamate-pyruvate transaminase,
glutamate-oxaloacetate transaminase, gama-glutamyltransferase and creatine kinase, indicating that the C. longa
extract (at 100 mg/kg BW/day) did not exert detrimental effects on the rats (data not shown).

Eight-armed radial maze behavior allows the measurement of spatial (navigation) memory (long and short-
term) in terms of reference memory and working memory errors without any harmful effects on the rats [16]. It
is also the most popular protocol to study the spatial memory performance. We have also previously used this
protocol to evaluate the navigation-related spatial memory of old and Alzheimer’s disease model rats, and there
was a significant positive correlation between the cortico-hippocampal levels of LPO and long-term memory
(RMEs score) [24]. The oral administration of C. longa extract significantly decreased the numbers of RMEs/
WMEs scores, thus suggesting an improvement of spatial learning-related long-term and short-term memory,
respectively, in the extract-fed rats (Figure 1(A), Figure 1(B)). The oxidative stress, which is associated with
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aging and neurodegenerative diseases such as Alzheimer’s disease, leads to a decline in spatial memory-related
learning ability [28] [29]. Thus, the result of the decreased levels of LPO in the cortex and hippocampus of the
extract-fed rats might be related to the ameliorative effect of C. longa extract on the oxidative stress. Gamoh et
al. [30], Goto et al. [31] also reported that the impairment of cognitive performances in older rats is related with
increases in the oxidative stress. As hippocampus is considered as the key structure of memory formation, in-
creased levels of LPO, reference memory/working memory error scores are positively correlated [16]. Interrup-
tion of hippocampal pathways causes crucial memory deficits in the radial-arm maze task [32]. C. longa extract
exhibited DPPH-free radical scavenging activity and inhibited in vitro Fenton’s-reagent-induced oxidative stress
in the rat brain hippocampal tissues. Curcumin from turmeric has been shown to ameliorate oxidative stress and
it is considered to be a potent antioxidant in hepatic tissues [33], endothelial cells [34] and neuroprotective ef-
fects [35]. We thus speculate that the improvement of spatial learning ability in the C. longa extract-fed rats, as
compared to that of the controls, was, at least partially, due to the ameliorative effect of C. longa extract on the
oxidative stress. The speculation is consistent with the presence of substantial amount of total polyphenols and
flavonoid contents in the C. longa extract. The assumption is further strengthened by the DPPH-free radical
scavenging activities and in vitro anti-LPO effect of the extract (Figure 6). The results of our investigation are
also consistent with the reports of Pyrzanowska et al. (2010) [14], where learning ability after C. longa extract
treatment was enhanced in Morris water maze.

TNF-a is prominent among proinflammatory cytokines known to be associated with neuropathological effects
underlying several neurodegenerative disorders, including Alzheimer’s disease [36] [37]. TNF-a mediates syn-
aptic loss and memory impairments [38]. More recently, Liu et al. (2013) reported that TNFa-deficient mice
display better spatial memories [39]. These reports thus suggest that the act of suppression of TNF-a is helpful
in learning and improving the memory functions. Oxidative stress mediates TNF-a-induced cellular damage [40].
Chronic administration of C. longa extract significantly decreased the levels of TNF-a, concurrently with de-
creases in the levels of oxidative stress in the hippocampal tissues, thus again demonstrating that the C. lon-
ga-induced decreases in the levels of TNF-q, is, at least partially, associated with ameliorative effects of C. lon-
ga on the spatial memory of the old rats.

To corroborate the antioxidative effects (results) of C. longa extract on the brains of the rats of the maze-tests,
we directly induced oxidative stress in the brains of C. longa-pretreated rats by inducing hypoxia-reperfusion
injury, as described previously [21]. Occlusion of the common carotid arteries causes cerebral blood-hypoper-
fusion which ultimately leads the cell to undergo apoptosis as a response to excessive free radical generation
[41]. Again, hippocampus is crucially involved in spatial memory while the cortex is necessary for working
memory and executive function [42]. The hippocampus slices of the hypoxic rats displayed swelling characteris-
tics of cells, and cell membranes of the hippocampus in these rats were found broken in contrast with those of
the non-hypoxic control hippocampal slices. In the Hypoxia + C. longa extract-fed rats, the pyramidal cell layer
of the hippocampus was visually normal and there was much less inflammation, as compared to that of the con-
trol rats. Therefore, these results suggest that carotid artery occlusion conferred oxidative stress to the cells and
resulted in brain cell damage in the hippocampus. Moreover, the hypoxia-induced oxidative stress was evident
biochemically, as indicated by the in vivo increased levels of LPO in the hippocampal homogenates (Figure 4(B)).
However, histology of the C. longa extract-pretreated hypoxic (Hypoxia + Extract) rats exhibited less-swelling
characteristics and/or cells with very few damages. Most of the cells in the Hypoxia + C. longa extract-fed rats
retained normal cellular structure, thus demonstrating an extract-mediated protective effect against cellular
damages in the hippocampal brain tissues. The activities of the hepatorenal functions-related serum enzymes
were not altered in either of the rat groups, thus suggesting that the C. longa extract did not have any detrimental
effect(s) on liver and kidneys (data not shown) of the experimental rats. Rather, the oral administration of C.
longa extract had beneficial effects on the proinflammatory TNFa, oxidative stress and degenerative changes in
the normal and hypoxic aged rats. Again, the ameliorative effect is supported by the presence of substantial
amounts of antioxidants such as total polyphenol/flavonoids, and direct evidence of the in vitro anti-LPO activi-
ties.

The oral administration of C. longa significantly ameliorated both the short-term and long-term memory ca-
pacities of the aged rats. Short-term memory, which only lasts for a short period of time, does not require any
protein synthesis or remodeling of the synapse, while the long-term memory formation requires de novo protein
synthesis [43]. It is believed that short-term memory is a primary function of the prefrontal cortex. Once memo-
ry is consolidated, it is carried over to the hippocampus wherein long-term memories are formed and stored
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permanently. This conversion from short-term to long-term memory requires concerted effort, the passage of
time, and the absence of interference in memory consolidation. Besides its role as antioxidant and anti-inflam-
mation, the beneficial effects of C. longa extract might also have evolved from other effects on the complex
mechanism(s) of memory.

5. Conclusion

Hippocampus is considered as the key structure for the memory formation [44]. Furthermore, impairment of
cognitive performance in older rats relates with increases of oxidative stress [30] [31]. It is thus speculated that
the improvement of spatial memory-related learning ability of aged rats was due to the ameliorating effect of
extract on the oxidative stress and proinflammatory TNFa. Finally, the results of this investigation revealed that
extract of C. longa provides beneficial effects on the learning ability of old rats by providing a potential anti-
oxidative and anti-inflammatory defense and that curcumin pre-treatment may lead to increased protection
against cognitive decline associated with aging and neurodegenerative diseases, such as Alzheimer’s disease.
However, further investigations are indeed necessary for the exact mechanism of actions of C. longa extract.
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