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ABSTRACT
This study was conducted to evaluate the long-term ameliorating effect of caffeine in adult male Wistar rats (Aluminum
Chloride- AlCl 3 induced AD Model). A total number 64 Wistar adult male rats, with average weight of 200 g were used and
randomly assigned into 4 groups (n= 16), 4 replicates each. In control group (C), they had plain water ; in group two,
Alzheimer-induced group (AD) rats had ad libitum supplied with AlCl 3 in drinking water at 200 mg/kg/day ; in group three :
Caffeine group (CF), the rats had Caffeine (80 mg/kg body weight) in drinking water ; and in group (4) (CF-AD, the rats
were exposed to ad libitum supply of AlCl 3 and caffeine alternatively in the drinking water. The treatment was continuous for
16 weeks using in a day after day regime of administration of AlCl 3 and Caffeine and plain water. The measuring
parameters were behavioral parameters using open field test and forced swim test. The determined oxidative stress
parameters included Malondialdehyde and Glutathione. The obtained results revealed that there were significant effects of
caffeine on the measured behavioral and biochemical variables. The treated rats were differently influenced by caffeine. The
observations revealed that caffeine had a significant anxiolytic effect on the measured behavioral profile in the open field,
and antidepressant influence in forced swim test. Furthermore, the measured biomarkers proved the antioxidant effect
achieved by the long-term caffeine administration in the studied AD model. It was concluded that caffeine improves the
behavioral profile of anxiety and depression in Alzheimer-induced rat models, and has an ameliorating effect. These results
supported the new approaches of using caffeine in therapeutic potentials for Alzheimer management.
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INTRODUCTION
Alzheimer’s disease (AD) is the most common form of chronic diseases among the elderly. It is a progressive
neurodegenerative disease that is characterized by gradual memory loss, and reduction of cognition related functions
[1]. With a high old age population in the advanced world, and increasing the shelf life expectancy in the developing
world, AD is a big problem around the world [2].
There are various mechanisms of neuronal degeneration in AD having been proposed, which include texture of free
radicals [3], oxidative stress [4], mitochondrial dysfunction [5], inflammatory processes [6], genetic factors [7],
environmental effect factors [8], and apoptosis [7]. These agents could interact and grow up with each other in a
vicious cycle of toxicity, leading to neuronal dysfunction, cell dysfunction, and finally cell death.
Alzheimer’s disease (AD) has caused damages to the brain cells that sustain mood, so feelings of depression or
anxiety are common in this situation. Therefore, some researchers have suggested that the early depression in AD is
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related to the disease’s primary brain-altering effects, which may interfere the neurotransmitters that affect the
mood, even at the early step of its development [9].
There has been no effective treatment for Alzheimer’s disease. A lot of research efforts have been focused on
developing new drugs from nutritional supplements which have multifunctional properties, especially with
promising antioxidant effects [10].
Coffee, tea, cocoa, energy drinks, chocolate and many other products contain Caffeine (1, 3, 7-trimethylxanthine)
which is the most widely used denoting drug that affect a person's mental state [11]. Although it is mainly caffeinerelated anxiogenesis that has been described, there are many reports of the opposite result with low doses, namely
anxiolysis [12].
Doses in the range were reported by some authors to be anxiety-inducing, although there is also evidence of
anxiolysis in rodents usually with low doses [13]. Moreover, [14] reported that in rats, the acute and long-term
exposure to caffeine can reverse the anxiogenic effects of unpredictable chronic stress.
The present study aimed to examine the ameliorating effect of habitual administration of caffeine on anxiety and
depression behavioral profile of Aluminum Chloride Induced AD rat models.
MATERIALS AND METHODS
Animals and housing :
Total number of 64 Wistar adult male rats, approximately of 200 ± 50g weight were procured from Laboratory
Animals Breeding Unit, Department of Animal behavior and Management, Faculty of Veterinary Medicine, Cairo
University, and used in this study.
Animals were maintained on a 12-h light/dark cycle at a room temperature of 20-22°c and 60% humidity. They were
fed ad libitum standard laboratory pellets (Al-fagr Pvt. Ltd., Egypt) and water was administrated daily throughout
the study. The animal housing and handling were in accordance with Committee for Control and Supervision of
Experiments on Animals guidelines. The prior permission for the study was obtained from Institutional Animal
Ethics Committee (IAACUC).
Chemicals :
Aluminum chlorides (AlCl 3 .6H 2 O 2 ) in form of white powder, as well as caffeine, that have been used in the present
study were purchased from Alpha Chemika Company, India, Egypt supplied. Both chemicals were freshly prepared
at the day of administration.
Experimental design :
The animals were randomly assigned into 4 groups, (n=16 rats), 4 replicates each as follows :
Group one [Control (C)] : rats were given plain water.
Group two [Alzheimer-induced (AD)] : rats exposed to ad libitum supply of AlCl 3 in drinking water at 200 mg/kg/
day after day [15].
Group three [Caffeine group (CF)] : rats were given Caffeine (80 mg/kg body weight/ day after day in drinking
water,
Group four [Ameliorated group (CF-AD)] : rats were exposed to ad libitum supply of AlCl 3 and caffeine
alternatively in the drinking water.
The long-term treatment was continuous for 16 weeks.
Measuring Parameters
Behavioural parameters :
All behavioral tests were conducted by the same personnel throughout the study, including 16 weeks of
administration. All behaviors were measured at 9.00 A. M. and 15.00 P. M. Hand operated counters and stop
watches were used to score animals’ behavior. Behavioral tests were separated by at least 24 h from each other, and
executed in the following sequence [16].
Open Field Test :
The open field has been long introduced as an appropriate test for measuring situational anxiety in rodents [17]. The
open field used in this study was a square wooden arena of (90 x 90 x 25cm). The wood of the apparatus was
covered with a plastic laminate (Formica), which does not allow the absorption of fluids (urine of rats). 36 small
squares of (15 x 15cm) were obtained through dividing the floor by black lines. 70% ethyl alcohol was used to clean
the open field maze for each rat to avoid odor cues.
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The rats were taken to the test room in their home cages, and tested for 3 minutes once at a time. The rats were
handled by the base of their tails at all times. They were taken from their home cages, and placed randomly into one
of the four corners of the open field facing the center. During the test duration of three minutes, the assessment of
anxiety including measuring the time spent for freezing (immobility), exploratory behaviours in the form of
ambulation (horizontal locomotion) and rearing (vertical activity) as well as non-exploratory measures including
only vegetative behaviours in the form of number of faecal boluses (defecation) and the number of times of
urination, was done [18]. These parameters have been used to indicate the level of anxiety [19].
Forced Swim Test :
The rats were examined in the forced swim test as formerly explained by [20]. They were placed in cylindrical
container (50 x 20 cm) filled with 30 cm of 22oC water. Generally, in this test, the water level does not let the rat
rest on its tail or run away the cylinder by climbing out. Each rat was placed in the water for 6 min. The time spent
floating (represented immobility) was scored during the last 3 min. The time spent immobile was considered as an
index of depression-like behavior in rodents [21].
Oxidative stress parameters :
To complete all behavioral assessments, six rats per treatment were sacrificed by cervical decapitation under ether
anesthesia for whole brain tissue extraction. Brain tissue specimens were exposed and removed carefully from each
rat, chilled for 15 min, and thereafter homogenization was done. Fifty hundred micro liters of tissue was
homogenate in ice cold 10 % potassium chloride for homogenization, then followed by centrifugation in cooling
centrifuge at 4 0C for 20 min at 5000 rpm, and the supernatant was obtained. The samples were analyzed on an
Agilent HP 1100 series HPLC apparatus (USA), according to [22], and performed at National Organization for Drug
Control and Research, Giza, Egypt.
Determination of Malondialdehyde (MDA)
MDA standard was firstly prepared according to [23]. Then the estimation of total MDA in the brain samples were
performed (nmol/g).
Determination of (GSH, GSSG)
The thiols compounds of oxidized and reduced glutathione were detected by HPLC using the method of [24].
Glutathione (oxidized and reduced) reference standard was purchased from Sigma Chemical Co. Dissolved in 75%
methanol in stock 1mg/ml and diluted before application to HPLC.
Statistical analysis :
Data analysis for all variables were carried out by means of analyses of variance (ANOVA) to judge the
ameliorating effect of administration of caffeine to rats as well as session factor for behavioral tests using the
general linear models procedure in SPSS® statistical software (SPSS, 2016). After confirmation of significant
effects in the overall ANOVA, the data for different groups were compared using post hoc Tukey HSD test. For all
tests, the criterion for statistical significance was p<0.05. The results were reported as mean ± SEM.
RESULTS:
Open field test :
Anxiety state of the animals was assessed in the open field test as shown in Table 1. Aluminum Chloride
administrated rats showed higher levels of anxiety-related behaviors than others in the control group. That was
indicated by increased time spent freezing (F (1, 60) = 9.79; p = 0.00), lower vertical activity (numbers of rearing(; (F
(1, 60) = 15.16; p = 0.00) , less horizontal exploration (F (1, 60) = 9.40; p = 0.03) elevated defecation scores (F (1, 60) =
17.86; p = 0.00)as well as urination scores (F (1, 60) = 12.19; p = 0.00).
On the other hand, significance (p < 0.05) increased in care, and the mean covered distance in the open field quiz for
caffeine-AD treated persons were compared with the AD control group. Furthermore, the administration of caffeine
along with AlCl 3 (CF-AD group) significantly reduced freezing time (F (1, 60) = 4.60; p = 0.04),fecal boluses (F (1, 60)
= 11.54; p = 0.00) and urination scores (F (1, 60) = 8.27; p = 0.01). Also, rats given caffeine alone displayed a marked
significant (p < 0.01) decrease in freezing time (F (1, 60) = 6.61; p = 0.01) and vegetation scores; (F (1, 60) = 4.22; p =
0.04) for defecation score, and (F (1, 60) = 6.60; p = 0.01) for urination score. Furthermore, caffeine treatment alone
(CF group) had significant influence on horizontal activity (numbers of crossed squares); (F (1, 60) = 6.03; p = 0.02)as
well as vertical activity (F (1, 60) = 15.90; p = 0.00).
Table 1. Effect of AlCl 3 and its amelioration by caffeine on anxiety measurements in open field test in rats.
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Freezing time(s)
Horizontal activity
Vertical activity
Defecation scores
Urination scores
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(C) Group
±1.96a

2.31
52.06 ±27.99a
10.00 ±5.76a
1.31 ±1.20a
0.94 ±1.12a

(AD) Group
±26.17b

20.06
23.75 ±12.17b
3.00 ±2.00b
4.19 ±1.64b
2.88 ±1.20b

(CF) Group

(CF-AD) Group

±1.45ac

4.18 ±5.84acd
48.38 ±31.74acd
10.13 ±5.77ac
1.94 ±1.44adc
1.38±1.41ac

0.88
57.12 ±19.96ac
13.44 ±6.46ac
1.63 ±1.71ac
1.19 ±1.11ac

(C) Group : Animals received plain water without any treatment and served as a control.
(AD) Group : Animals received 200 mg/kg AlCl 3 in drinking water.
(CF) Group : Animals received 80 mg/kg caffeine in drinking water.
(CF-AD) Group : Animals received caffeine 80 mg/kg along with AlCl 3 in drinking water.
a-d
Values within row with unlike superscripts differ significantly (p<0.05), according to ANOVA.
Values represent Mean ±SE of 16 animals per treatment (n=16).

Force swimming test :
Table 2 shows the stability time during physical power in swimming test. This measure was increased significantly
in AD rats (F (1, 60) = 35.70; p = 0.00). Also, (CF group) showed significant influence in decreasing immobility time
(F (1, 60) = 33.77; p = 0.00). While decrease in immobility time was noted in the caffeine ameliorated AD rats which
was not significantly different when compared to AD group.
Oxidative stress parameters (MDA, GSH, GSSG) :
MDA activity as well as GSH and GSSG contents in the brain tissues of rats are presented in table 3. MDA activity
significantly increased (p < 0.05) in AlCl 3 exposed rats (AD) compared to their control. Significant reduction of this
alleviation was recorded when caffeine was concomitantly administered (CF-AD). However, caffeine alone had no
significance on MDA measure compared to the control group.
The Level of GSH was significantly higher (p < 0.05) while GSSG formation was reduced significantly in case of
AD rats. This reduction in GSH was enhanced by administration of caffeine, but without significant difference,
while the elevation of GSSG formation was significantly diminished compared to AD rats. Caffeine treatment alone
had no significant influence on brain tissue for both GSH and GSSG levels.
Table 2. Effect of AlCl 3 and its amelioration by caffeine on the behavior of rats during the forced swim test.
Gp
Parameters
Immobility time (s)

(C) Group

(AD) Group

(CF) Group

(CF-AD) Group

96.56±18.45a

129.56±15.74b

62.25±27.60c

97.50±27.16a

(C) Group : Animals received plain water without any treatment and served as a control.
(AD) Group : Animals received 200 mg/kg AlCl 3 in drinking water.
(CF) Group : Animals received 80 mg/kg caffeine in drinking water.
(CF-AD) Group : Animals received caffeine 80 mg/kg along with AlCl 3 in drinking water.
a-dValues within row with unlike superscripts differ significantly (p<0.05), according to ANOVA.
Values represent Mean±SEM of 16 animals per treatment (n=16).

Table 3. The Effect AlCl 3 and its amelioration by caffeine on the oxidative stress markers (MDA, GSH, GSSG) of
brain Hippocampus in male rats.
Gp
Parameters
MDA nmol/g
GSH μmol/g
GSSG μmol/g

(C) Group

(AD) Group

(CF) Group

(CF-AD) Group

22.60 ± 1.63a
10.21 ± 0.93a
0.30 ± 0.02a

40.65 ± 1.59b
6.51 ± 0.36b
0.64 ± 0.06b

22.34 ± 1.04a
10.04 ± 0.35a
0.31 ± 0.03a

24.87 ± 1.10c
7.55 ± 0.43b
0.37 ± 0.03c

(C) Group : Animals received plain water without any treatment and served as a control.
(AD) Group : Animals received 200 mg/kg AlCl 3 in drinking water.
(CF) Group : Animals received 80 mg/kg caffeine in drinking water.
(CF-AD) Group : Animals received caffeine 80 mg/kg along with AlCl 3 in drinking water.
a-cValues within row with unlike superscripts differ significantly (p<0.05), according to ANOVA.
Values represent Mean±SEM of 16 animals per treatment (n=6).

DISCUSSION:
Neurotoxicity of Aluminum chronic exposure is involved in the initiation and progression of various cognitive and
non-cognitive disorders like Alzheimer’s disease [25]. In this study AD model was induced by chronic aluminum
exposure, and the behavioral changes and the possible ameliorating effect of caffeine using behavioral and
biochemical tests were investigated.
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The open field measures elucidated the anxiety related behaviors in adult male Wistar rats. AD rats were found to
have typical anxiety behavioral profile that was significantly noted in their lower horizontal and vertical exploration,
higher freezing time and vegetation scores, compared to their counterparts from the control group. These results
were in an agreement with those of [26] that showed an increase in the anxiety like behavior in AD rat models.
AD rats treated with caffeine significantly showed higher levels of locomotion,as a measure of less anxiety,
indicated by increased numbers of crossing squares. Also, caffeine treated group showed lower freezing time
accompanied with higher level of rearing, compared to AD rats. Defecation and urination frequency was enhanced
in caffeine treated group, and according to [27, 28], the fecal boli and urination are sensitive measures for anxiety
state of animals.
In contrast to the results of this study, the anxiogenic effect of caffeine has been documented in a substantial
literature [29, 30]. Caffeine has been reported to elicit a dose-dependent, subjective feeling of anxiety, even at low
doses [12, 31]. The stimulation of anxiety in response to caffeine administration was explained as a result of
increased levels of lactate in the brain [32, 33]. This discrepancy in results, and the anxiolytic effect of caffeine on
the behavioral changes might be attributable to the different administered doses, and the caffeine’s complex
mechanisms as a neuroprotective agent.
The antioxidant and chelating properties of Aluminum have also been involved, as well as modulation of cellsignaling and cell survival pathways. In agreement with the findings of this study, increased activity of animals was
experienced after administration of low or moderate doses of caffeine [34, 35]. Moreover, [36] have observed an
increase in both home cage and open field activity in rats following low doses of caffeine.
The force swim test has been used to measure behavioural despair and depression in rodents [37]. In this
examination, data of forced swimtask revealed that AD group exhibited higher immobility; that is considered
asindex of depression-like behavior as a react to increased levels of stress reaction. Further support obtained
something from previous study where elevated aluminum in response to chronic stress was associated with
increasing manifestations of depression [38].
On the other hand, it was noticed that there was a significant decrease in the immobility mean rank of (CF-AD) rats
as compared with AD group. This in turn reflected the success of putative antidepressant effect of caffeine in
reversing the depressive like behavior resulted in the group of AD model. Furthermore, the findings revealed that the
(CF group) has recorded the lowest significant mean rank for immobility time among the other groups including the
control one. The position of caffeine in alleviation of depression response has been previously studied [39].
Regarding the oxidative stress biomarkers, AD group showed obvious changes in MDA, and reduced and oxidized
glutathione as they were significantly different from the control group. These results confirmed the oxidative
hypothesis in Alzheimer’s disease etiology that had been reported by [40]. Comparing to (CF-AD) group, the
ameliorating effect of caffeine administration demonstrated high antioxidant effect on the measured parameters,
indicated by significantly reduction in MDA level as well as GSSG, whereas GSH elevated with no significance.
These findings are in accordance with [41] that reported beneficial outcomes after caffeine administration including
a decrease in MDA, associated with an increase in GSH to GSSG ratio.
CONCLUSION:
According to the results obtained, this study potently suggests the relevance of caffeine in inducing ameliorating
effects especially on behaviors related to anxiety and depression. Furthermore, it had potent antioxidant activity that
could help in alleviating both cognitive and non-cognitive profile of AD. Further investigations on natural
antioxidants are needed in order to find out the most suitable approaches for management of such disease.
CONFLICT OF INTEREST STATEMENT
The authors declare that they have no conflict of interest.
REFERENCES
1.

Anand R, Gill KD, Mahdi AA. Therapeutics of Alzheimer's disease : past, present and future.
Neuropharmacology 2014 ; 76(Pt. A) : 27–50

53

Eman H. Rashwan et al.
2.
3.
4.
5.
6.
7.

8.

9.

10.

11.
12.

13.

14.

15.

16.
17.
18.
19.
20.

21.
22.
23.

Int.J. Pharm. Res. Allied Sci., 2018, 7(3):49-55

Helzner EP, Scarmeas N, Cosentino S, et al. 2008. Survival in Alzheimer disease : a multiethnic,
population-based study of incident cases. Neurology 71 : 1489–1495.
Moreira, L., Dias, L. G., Pereira, J. A., & Estevinho, L. (2008). Antioxidant properties, total phenols and
pollen analysis of propolis samples from portugal. Food and Chemical Toxicology, 46(11), 3482-3485.
Bonda, D.J., Wang, X., Perry, G., Nunomura, A., Tabaton, M., Zhu, X., Smith, M.A., 2010. Oxidative
stress in Alzheimer disease : a possibility for prevention. Neuropharmacology 59, 290–294
Cotman, C. W. (1998). Apoptosis decision cascades and neuronal degeneration in Alzheimer’s disease.
Neurobiology ofAging, 19, S29–S32.
Wyss-Coray, T. (2006). Inflammation in Alzheimer disease : Driving force, bystander or beneficial
response ? Nature Medicine, 12, 1005–1015.
Pedersen, N. L., Berg, S., Johansson, B., Johansson, K., Viitanen, M., Winblad, B., et al. (1998). Genetic
factors are often found in Alzheimer disease. An extensive twin study to clarify the heredity- environment
relationship. Lakartidningen, 95, 2585–2588
Gu XY Foley ME Horvath DP et al. 2011. Association between seed dormancy and pericarp color is
controlled by a pleiotropic gene that regulates abscisic acid and flavonoid synthesis in weedy red rice.
Genetics 189, 1515–1524
Corrêa-Velloso, J. C., Gonçalves, M. C. B., Naaldijka, Y., Oliveira-Giacomelli, A., Pillat, M. M., and
Ulrich, H. (2018). Pathophysiology in the comorbidity of Bipolar Disorder and Alzheimer’s disease :
pharmacological and stem cell approaches. Prog. Neuropsychopharmacol. Biol. Psychiatry 80, 34–53
Sabogal-Guáqueta, A.-M., Carrillo-Hormaz, L., Osorio, E., and Cardona-Gómez, G. P. (2017). Effects of
biflavonoids from Garcinia madruno on a triple transgenic mouse model of Alzheimer’s disease.
Pharmacol. Res.
Eskelinen, Marjo & Kivipelto, Miia. (2010). Caffeine as a Protective Factor in Dementia and Alzheimer's
Disease. Journal of Alzheimer's disease : JAD. 20 Suppl 1. S167-74. 10.3233/JAD-2010-1404.
D.M. Pechlivanova, J.D. Tchekalarova, L.H. Alova, V.V. Petkov, R.P. Nikolov, K.S. Yakimova, Effect of
long-term caffeine administration on depressive-like behavior in rats exposed to chronic unpredictable
stress, Behav. Pharmacol. 23 (2012) 339–347.
El Yacoubi M, Ledent C, Parmentier M, Costentin J, Vaugeois JM (2000) The anxiogenic-like effect of
caffeine in two experimental procedures measuring anxiety in the mouse is not shared by selective A2A
adenosine receptor antagonists. Psychopharmacology (Berl) 148 :153–163.
Pechlivanova, Daniela & Tchekalarova, Jana & Nikolov, Rumen & Yakimova, Krassimira. (2010). Dosedependent effects of caffeine on behavior and thermoregulation in a chronic unpredictable stress model of
depression in rats. Behavioural brain research. 209. 205-11.
Douichene S, Djebli N, Ahmed M, Zerrouki K (2012) Neuroprotective Effect of Curcumin with a Fixator
of Absorption against both Aluminium Neurotoxicity and Alzheimer’s Disease (Experimental Studies in
Mice). J Alzheimers Dis Parkinsonism 2 :107.
M Kamel, Mervat & El-Lethey, Heba. (2011). The Potential Health Hazard of Tartrazine and Levels of
Hyperactivity, Anxiety-Like Symptoms, Depression and Anti-social behaviour in Rats. J Am Sci. 7.
Millan, M.J. (2003) The neurobiology and control of anxious states. Prog Neurobiol 70, 83–244.
Kalueff, A. V., et al. (2006). Hair barbering in mice : Implications for neurobehavioural research.
Behavioural Processes, 71(1), 8.
Archer I. Behavioural aspects of fear. (Sluckin W, ed.) Fear in animals and man. New York : Van Nostrand
Reinhold. 1979. p. 56-85.
A Frye, Cheryl & Walf, Alicia. (2002). Changes in Progesterone Metabolites in the Hippocampus Can
Modulate Open Field and Forced Swim Test Behavior of Proestrous Rats. Hormones and behavior. 41.
306-15. 10.1006/hbeh.2002.1763.
Sanchez, C., Meier, E. (1997) : Behavioural profiles of SSRIs in animals models of depression, anxiety and
aggression. Psychpharmacol, 129 : 197-205.
Karalas, F. ; Karatepe, M. and Baysar, A. (2002). Determination of free malondialdehyde in human serum
by high performance liquid chromatography. Anal. Biochem., 311 :76-79.
Karatepe, M. (2004). Simulatenous determination of ascorbic acid and free malondialdehyde in human
serum by HPLC-UV. Chromatographic Line., 12 :362-365.

54

Eman H. Rashwan et al.

Int.J. Pharm. Res. Allied Sci., 2018, 7(3):49-55

24. Jayatilleke, E. and Shaw, S. (1993). A high performance liquid chromatographic assay for reduced and
oxidized glutathione in biological samples. Anal. Biochem., 214(2) : 452-457.
25. Kumar, Vijay & Gill, Kiran. (2009). Aluminium neurotoxicity : Neurobehavioural and oxidative aspects.
Archives of Toxicology. 83. 965-978. 10.1007/s00204-009-0455-6.
26. Lim, G. P., Yang, F., Chu, T., Gahtan, E., Ubeda, O., Beech, W., et al. (2001b). Ibuprofen effects on
Alzheimer pathology and open field activity in APPsw transgenic mice. Neurobiology of Aging, 22, 983–
991.
27. Singer, J.B., Hill, A.E., Nadeau, J.H., Lander, E.S., 2005. Mapping quantitative trait loci for anxiety in
chromosome substitution strains of mice. Genetics 169, 855e862.
28. Reolon, G.K., Braga, L.M., Camassola, M., Luft, T., Henriques, J.A.P., Nardi, N.B., Roesler, R., 2006.
Long-term memory for aversive training is impaired in Idua (-/-) mice, a genetic model of
mucopolysaccharidosis type I. Brain Research 1076, 225e230.
29. Brice, C. F. & Smith, A. P. (2002). Factors associated with caffeine consumption. [Electronic Articles]
International Journal of Food Sciences and Nutrition, 53(1), 55-64. Retrieved February 17, 2006.
30. P. Botella, A. Parra, Coffee increases state anxiety in males but not in females, Hum. Psychopharmacol.
Clin. Exp. 18 (2003) 141–143.
31. Anderson, N. L., and Hughes, R. N. (2008). Increased emotional reactivity in rats following exposure to
caffeine during adolescence. Neurotoxicol. Teratol. 30, 195–201.
32. Tancer, M. E., Stein, M. B. & Uhde, T. W. (1991) Lactate response to caffeine in panic disorder : a
replication using an ‘anxious’ control group. Biological Psychiatry, 29, 57A.
33. Tancer, M. E., Stein, M. B. & Uhde, T. W. (1994) Lactic acid response to caffeine in panic disorder :
comparison with social phobics and normal controls. Anxiety, 1, 138–140
34. Buckholtz NS, Middaugh LD (1987) Effects of caffeine and Lphenylisopropyladenosine on locomotor
activity of mice. Pharmacol Biochem Behav 28 : 179-185
35. Anden NE, Jackson DM. Locomotor activity stimulation in rats produced by dopamine in the nucleus
accumbens : potentiation by caffeine. J Pharm Pharmacol 1975 ;27 :666 – 70.
36. Haleem DJ., Yasmeen A., Parveen T., Zafar A. (1994). Enhancement of hepatic tryptophan pyrrolase
activity and decrease of open field locomotion following single and repeated administration ofhight doses
of caffeine in rats. Life Sci. 54 : 297-4.
37. Raghavendra, V., Kaur, G., Kulkarmi, S. (2000) : Anti- depressant action of melatonin in chronic forced
swimming-induced behavioural despair in mice, role of peripheral benzodiazepine receptor modulation.
Eur Neuropsychopharmacol, 10 : 473-481.
38. Vijay Kumar, Kiran Dip Gill (2009) (Archives of Toxicology, Vol.83, Number 11, P 965.
https://doi.org/10.1007/s00204-009-0455-6
39. Szopa, Aleksandra & Poleszak, Ewa & Wyska, Elżbieta & Serefko, Anna, Wośko, Sylwia, Wlaź,
Aleksandra, Pieróg, Mateusz, Wróbel, Andrzej and Wlaź, Piotr. (2015). Caffeine enhances the
antidepressant-like activity of common antidepressant drugs in the forced swim test in mice. NaunynSchmiedeberg's Archives of Pharmacology. 389. 10.1007/s00210-015-1189-z.
40. Bitra, Dr. Veera Raghavulu & Rapaka, Deepthi & Mathala, Nalini & Akula, Annapurna. (2014). Effect of
wheat grass powder on aluminum induced Alzheimer's disease in Wistar rats. Asian Pacific journal of
tropical medicine. 7S1. S278-81.
41. Metro, Daniela & Cernaro, Valeria & Santoro, Domenico & Papa, Mattia & Buemi, Michele & Benvenga,
Salvatore and Manasseri, Luigi. (2017). Beneficial Effects Of Oral Pure Caffeine On Oxidative Stress.
Journal of Clinical & Translational Endocrinology.

55

View publication stats

