
696

Introduction

Fluoride (F) is utilized in a number of industrial prac-
tices and is a ubiquitous ingredient of drinking water, 
foodstuffs, and dental products (WHO, 2002). However, 
epidemiological studies have raised the possibility that 
prolonged exposure to aluminium (Al) in drinking water, 
perhaps as low as 0.1 ppm, may represent a risk factor for 
aging-related neurological impairments. In determin-
ing the effects of chronic exposure to Al in the drinking 
water, it is important to consider the factors that enhance 
or inhibit the bioavailability of Al and its effects on the 
nervous system (Varner et  al., 1998). One such factor 

is the nature of the Al complex and its speciation after 
ingestion. In earlier studies, it is hypothesized that when 
F and Al are both present in drinking water, they will form 
fluoroaluminium complexes (AlF

3
) in the stomach that, 

compared with their ionic forms, exhibit increased trans-
port into bloodstream and likely across the blood–brain 
barrier (BBB) (Varner et al., 1993). The fluoroaluminium 
complex has been shown to produce neuronal loss in the 
CA1 and CA4 areas of the hippocampus when given to 
animals as 0.5 ppm in drinking water (Varner et al., 1998). 
The toxic effect may be related to a combination of effects, 
including impairment of energy-producing enzymes, 
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impaired dephosphorylation of hyperphosphorylated 
tau-protein, increased neuronal iron concentration, 
elevated free radical and lipid peroxidation (LPO) levels, 
and impaired DNA repair, all of which are related to exci-
totoxicity (Blaylock, 2004).

It is well-known that fluoride is highly active biologi-
cally, forming a strong hydrogen bond with the groups 
found in proteins and nucleic acids (Emsley et al., 1981). 
Fluoride, as F− in bound form, is known to cross the BBB 
and accumulate in the brain of rats exposed to chronic 
high F levels. Some of the neurotoxic effects of F in rats 
include DNA damage, oxidative stress, decrease in the 
nicotinic acetylcholine receptors, and histopathological 
changes in brain cells of rats with decreased learning 
and memory ability (Chirumari & Reddy, 2007). Animal 
experiments reveal that fluoride increases the uptake 
of aluminium into the brain at 1 ppm in the drinking 
water (Varner et  al., 1998). Fluoride has been shown 
to inhibit certain antioxidant enzymes and molecules, 
such as superoxide dismutase (SOD), glutathione 
(GSH) reductase, GSH peroxidase, catalase (CAT), and 
GSH (Li & Cao, 1994). This would not only increase free 
radical-provoked neuronal injury, but also enhance 
excitotoxicity, since reactive oxygen species (ROS) as 
well as nitrogen species and LPO products can trigger 
the excitotoxic process (Siesjö & Bengtsson, 1989). A 
growing body of evidence suggests the use of natural 
antioxidants as therapeutic alternatives against oxidant-
induced toxicity (Tunali-Akbay et al., 2007). Matricaria 
recutita L. (Asteraceae), commonly known as German 
chamomile, is one of the most widely used herbs in 
the world, especially in children (Noonan et  al., 2004). 
Chamomile is extensively used as a tea or tonic. It is 
traditionally used to treat anxiety, hysteria, nightmares, 
insomnia and sleep problems, convulsions, and even 
delirium tremens (Marten, 1995). German chamomile 
has also shown antioxidant activity against CCl

4
-induced 

liver injury in rats (Gupta et al., 2006). The main chemical 
constituents of the German chamomile are terpenoids 
including α-bisobolol, chamazulene, sesquiterpenes, 
and flavonoids such as apigenin, luteolin, and quercetin 
(Newall et al., 1996).

In our attempt to establish the neuroprotective activ-
ity of German chamomile, we previously reported the 
effectiveness of this plant in global cerebral ischemia/
reperfusion-induced neuronal death, a widely accepted 
model to screen neuroprotective activity (Chandrashekhar 
et al., 2010). In the light of above background, the pres-
ent study evaluated possible neuroprotective effect of 
German chamomile against aluminium fluoride (AlF

4
−)-

induced oxidative stress in rats.

Materials and methods

Drugs and chemicals
Trichloroacetic acid (TCA), 2-thiobarbituric acid (TBA), 
5,5′-dithiobis (2-nitrobenzoic acid) (DTNB), GSH, and 
(±)-epinephrine were purchased from Sigma-Aldrich 

Co., St. Louis, MO. AlF
4

− was purchased from Hi-Media, 
Mumbai, India. All other chemicals were of the highest 
purity.

Collection of plant material
In the present study, capitulas of German chamomile 
were collected from the National Botanical Research 
Institute (NBRI), Lucknow, India during the month of 
June. Herbarium was prepared and the specimen was 
identified and authenticated by Prof. S. Kappali, Botanist, 
Department of Botany, Basaveshwar Science College, 
Bagalkot, Karnataka, India and a voucher specimen 
(B.Sc./Bot./14/08) was deposited for future reference.

Preparation of plant extract
All capitulas were shade-dried at room temperature 
until they were free from moisture. Finally, the capitulas 
were subjected to pulverizer to get coarse powder and 
then passed through sieve #44 to get uniform powder. 
The sieved powder was stored in airtight high-density 
polyethylene container before extraction. The powdered 
capitulas (600 g) were subjected to successive extraction 
with petroleum ether (40–60°C) and subsequently with 
methanol (64–65.5°C). After the residue extraction, sol-
vent was distilled off and excess solvent was completely 
removed by using a rotatory flash evaporator to get con-
centrate, then completely dried in freeze-drier and stored 
in airtight container under refrigeration. The obtained 
extract (64 g, yield 10.7% w/w) was used for neuroprotec-
tive activity.

Determination of LD
50

The acute toxicity study was performed as per the 
method described by Litchfield and Wilcoxon (1949), 
and LD

50
 was calculated accordingly. In brief, the 

German chamomile methanol extract (GCME) in the 
dose range of 10–2000 mg/kg was administered orally 
to different groups of mice (n = 10). The animals were 
examined at every 30 min up to a period of 3 h and 
then, occasionally for additional period of 4 h; finally, 
overnight mortality was recorded. All tests on rats were 
performed at three dose levels: 100, 200, and 300 mg/kg 
of body weight corresponding to 5, 10, and 15% of LD

50
 

value (2000 mg/kg), respectively.

Experimental animals
The Sprague-Dawley rats of either sex (200–250 g) were 
obtained from the central animal house of H.S.K. College 
of Pharmacy and Research Centre, Bagalkot, India. The 
animals were housed at room temperature (25 ± 1°C) 
with 50–55% relative humidity and were provided stan-
dard laboratory feed (Amrut, Maharashtra, India) and 
water ad libitum. The study protocol was approved 
by Institutional Animal Ethics Committee (approval 
number-HSKCP/IAEC/Clear/2007-08/1). For the pres-
ent study, animals were randomized into six groups of 
eight animals each and allowed to acclimatize for 1 week 
before the experiments.
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Experimental design
The animals were divided into six groups of eight rats 
each as follows:

Group I: normal saline, 10 mL/kg, •	 per os (p.o.)
Group II: AlF•	

4
− (negative control)

Group III: 100 mg/kg GCME, p.o. + AlF•	
4

−

Group IV: 200 mg/kg GCME, p.o. + AlF•	
4

−

Group V: 300 mg/kg GCME, p.o. + AlF•	
4

−

Group VI: Quercetin 25 mg/kg, i.p. + AlF•	
4

− (reference 
standard).

 Animals from each group were fed with drug or vehicle 
for 10 days prior to AlF

4
− treatment through their drinking 

water (7 days at a dose of 600 ppm).

Preparation of post-mitochondrial supernatant
Following decapitation, the brain was removed and 
washed in cooled 0.9% saline, kept on ice, and subse-
quently blotted on filter paper, then weighed and homog-
enized as 10% w/v in cold phosphate buffer (0.05 M, pH 
7.4). The homogenates were centrifuged at 10,000 g for 
10 min at 4°C (MPW-350R, Korea) and post-mitochondrial 
supernatant (PMS) was stored at −80°C freezer until 
assayed (Chandrashekhar et al., 2010).

Biochemical estimation
Lipid peroxidation
Thiobarbituric acid reactive substances (TBARS) in the 
homogenate were estimated by using standard protocol 
(Prabhakar et  al., 2006). In brief, 0.5 mL of 10% homo-
genate was incubated with 15% TCA, 0.375% TBA, and 
5  N HCl at 95°C for 15 min; the mixture was cooled, 
centrifuged, and absorbance of the supernatant was mea-
sured at 512 nm against appropriate blank. The amount 
of LPO was determined by using ε = 1.56 × 105 per M/cm 
and expressed as TBARS nmol/mg of protein (Braughler 
et al., 1987).

Superoxide dismutase
SOD activity was determined based on the ability of SOD 
to inhibit the autoxidation of epinephrine to adreno-
chrome at alkaline pH (Misra & Fridovich, 1972). In brief, 
25 μL of the supernatant obtained from the centrifuged 
brain homogenate was added to a mixture of 0.1 mM epi-
nephrine in carbonate buffer (pH 10.2) in a total volume 
of 1 mL and the formation of adrenochrome was mea-
sured at 295 nm. The SOD activity (U/mg of protein) was 
calculated by using the standard plot.

Catalase
CAT activity was assayed by the method of Claiborne 
(1985). In brief, the assay mixture consisted of 1.95 mL 
phosphate buffer (0.05 M, pH 7.0), 1 mL hydrogen per-
oxide (0.019 M), and 0.05 mL homogenate (10% w/v) 
in a total volume of 3 mL. Changes in absorbance were 
recorded at 240 nm. CAT activity was calculated in terms 
of nM H

2
O

2
 consumed/min/mg of protein.

Total thiols
This assay is based on the principle of formation of rela-
tively stable yellow color by sulfhydryl groups with DTNB 
(Moron et al., 1979). In brief, 0.2 mL of brain homogenate 
was mixed with phosphate buffer (pH 8), 40 µL of 10 mM 
DTNB, and 3.16 mL of methanol. This mixture was incu-
bated for 10 min and the absorbance was measured at 
412 nm against appropriate blanks. The total thiol content 
was calculated by using ε = 13.6 × 103 per M/cm (Sedlak & 
Lindsay, 1968).

Glutathione
GSH was estimated in various tissues by the method of 
Sedlak and Lindsay (1968). In brief, 5% tissue homoge-
nate was prepared in 20 mM ethylenediaminetetraacetic 
acid (EDTA), pH 4.7, and 100 μL of the homogenate or 
pure GSH was added to 0.2 M Tris–EDTA buffer (1.0 mL, 
pH 8.2) and 20 mM EDTA (0.9 mL, pH 4.7) followed by 20 
μL of Ellman’s reagent (10 mmol/L DTNB in methanol). 
After 30 min of incubation at room temperature, absor-
bance was read at 412 nm. Samples were centrifuged 
before the absorbance of the supernatants was measured 
(Khynriam & Prasad, 2003).

Total protein
Protein concentration in all samples was determined by 
the method of Lowry et al. (1951).

Histopathology
The brains from normal and experimental groups were 
fixed with 10% formalin and embedded in paraffin wax 
and cut into longitudinal sections of 5 µm thickness. The 
sections were stained with hematoxylin and eosin dye for 
histopathological observation (Chandrashekhar et  al., 
2010).

Statistical analysis
All the data are presented as mean ± SEM. The signifi-
cance of difference in means between negative control 
and treated animals for different parameters was deter-
mined by using one-way analysis of variance (ANOVA) 
followed by multiple comparisons Dunnett’s test. A value 
of P < 0.05 was considered statistically significant.

Results

Determination of LD
50

The LD
50

 of GCME was found to be 2000 mg/kg, p.o. of 
body weight of rats.

Biochemical estimation
As shown in Table 1, brain LPO levels were significantly 
increased (P < 0.001) in terms of TBARS in AlF

4
−-treated 

animals (negative control) as compared with normal 
group. It is significantly reduced (P < 0.001) in the GCME-
treated groups in dose-dependent manner as well as in 
quercetin-treated group (P < 0.001). The AlF

4
−-treated 

group showed a significantly reduced (P < 0.001) levels 
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of SOD, CAT, GSH, and total thiols as compared with the 
normal group, whereas their levels were significantly 
increased (P < 0.001) in GCME-treated groups as well as 
in quercetin-treated group (P < 0.001).

Histopathology of rat brain
As shown in Figure 1, histopathological studies revealed 
that there was a marked damage observed in the hip-
pocampus region in AlF

4
−-treated animals. In contrast 

to the normal brain (Figure 1A), large intracellular space 
along with significantly increased leukocyte infiltra-
tion and marked cellular necrosis were observed in the 
AlF

4
−-treated group (Figure 1B). This damage was mark-

edly reversed up to normal in the GCME-treated groups 
(Figure 1C–1E) and also in quercetin-treated group 
(Figure 1F).

Discussion

In the present study, we observed the therapeutic poten-
tial of German chamomile for its neuroprotective action 
against AlF

4
−-induced oxidative stress in rat brain. In 

our studies, the brain damage was produced through 
administration of AlF

4
− in drinking water of rats. The 

severity of oxidative damage to the brain was estimated 
by measuring LPO, SOD, CAT, GSH, and total thiol lev-
els. The histopathological studies were performed to 
substantiate these parameters. The results of the study 
revealed the neuroprotective effect of GCME against the 
AlF

4
−-induced oxidative stress as compared with negative 

control group.
Oxygen is essential for aerobic life, but it is also precur-

sor to the formation of harmful ROS (Albert & Yong-Mei, 
1998). Free radicals in the living organism are generated 
both enzymatically and non-enzymatically, leading to the 
formation of ROS. Among all the ROS generated, OH− and 
OONO− are the most potent and can cause damage to pro-
teins, lipids, and nucleic acids, resulting in the inactivation 
of some enzyme activities, disruption of ion homoeostasis, 
and modification of the genetic apparatus and apoptotic 
death (Halliwell, 1991). A body of evidence suggests fluo-
ride as the toxicant, as its exposure can occur in the work-
place and in the environment (Chinoy, 2003; Sinha et al., 

2007). Fluorosis caused by excess intake of fluoride is a 
slow, progressive degenerative disorder, known to affect 
predominantly the skeletal muscles, brain, and spinal cord. 
Recent studies have shown the accumulation of fluoride in 
the hippocampus of the brain, causing the degeneration of 
neurons and decreased aerobic metabolism (Sinha et al., 
2007). It has been reported that during the functioning 

Table 1.  Effect of German chamomile methanol extract (GCME) against AlF
4

−-induced oxidative stress in rats.

Treatment group
Lipid peroxidation 

(nmol/mg of protein)
Superoxide dismutase 

(U/mg of protein)
Catalase  

(U/mg of protein)
Glutathione  

(nmol/mg of protein)
Total thiols  

(μmol/mg of protein)
Normal 12.13 ± 2.91 171.7 ± 21.56 0.15 ± 0.02 7.06 ± 0.64 18.88 ± 0.89
Negative control 
(AlF

4
−)

57.25 ± 2.87*** 32.4 ± 1.43*** 0.01 ± 0.01 3.32 ± 0.46*** 12.64 ± 0.42***

100 mg/kg MR + AlF
4

− 17.79 ± 3.15a 186.2 ± 13.17a 0.32 ± 0.05a 6.13 ± 0.26a 17.79 ± 0.79a

200 mg/kg MR + AlF
4

− 15.96 ± 2.59a 180.8 ± 7.24a 0.37 ± 0.04a 7.46 ± 0.24a 19.82 ± 0.91a

300 mg/kg MR + AlF
4

− 12.55 ± 2.29a 184.7 ± 7.37a 0.41 ± 0.03a 7.03 ± 0.17a 18.70 ± 0.45a

Q 25 mg/kg + AlF
4

− 8.10 ± 1.96a 281.9 ± 44.45a 0.57 ± 0.06a 7.97 ± 0.44a 20.25 ± 0.63a

Values are mean ± SEM, n = 8, one-way analysis of variance (ANOVA) followed by multiple comparison Dunnett’s test, *P < 0.05, 
**P < 0.01, and ***P < 0.001 vs. normal and aP < 0.001 vs. negative control. AlF

4
−: Aluminium fluoride; MR: Matricaria recutita; Q: 

quercetin.

A B

C D

E F

Figure 1.  Neuroprotective effect of German chamomile methanol 
extract against AlF

4
−-induced oxidative brain damage in rats. 

Photographs of brain sections from different treatment groups 
stained with hematoxylin and eosin (H&E), 10×. Plates: A: normal; 
B: AlF

4
−-treated group; C–E: 100 mg/kg + AlF

4
−; 200 mg/kg + AlF

4
− 

and 300 mg/kg + AlF
4

−, respectively; and F: quercetin 25 mg/kg + 
AlF

4
−. In plate B, AlF

4
− through the drinking water caused brain 

damage in rats. There was a marked increase in intracellular 
space, neutrophil infiltration, and neuronal necrosis observed in 
the hippocampus region in AlF

4
−-treated animals (B). There was a 

significant reversal of damage observed in German chamomile-
treated groups (C–E) and also in quercetin-treated group (F). 
Scale bar: 100 µm.
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of the immune system, such as in phagocytosis, reactive 
oxygen and nitrogen species are generated. If they are left 
unchecked, they can affect the components of the immune 
system by inducing oxidative damage (Devasagayam & 
Sainis, 2002). There is much evidence that superoxide 
free radicals and LPO plays an important role in fluorosis. 
Superoxide radicals, ·O

2
−, are highly reactive and may lead 

to chemical modification and impairment of proteins, lip-
ids, carbohydrates, and nucleotides in living cells. This tox-
icity is not only due to an increase in superoxide radicals 
and lipid peroxides, but also accompanied by a decline in 
activities of some antioxidant enzymes, viz., SOD, GSH, 
and CAT, as well as alteration in the levels of reducing sub-
stances like GSH and ascorbic acid (Chinoy, 2003). 

Fluoride has been shown to inhibit SOD, which would 
increase intracellular levels of the superoxide radicals 
(Vani & Reddy, 2000). Aluminium, another related neu-
rotoxin, is known to produce a dramatic increase in brain 
free radical generation and LPO both directly and by 
increasing neuronal and glial iron levels (Mundy et  al., 
1997). Aluminofluoride complexes bind ionically to the 
terminal oxygen of GDP phosphate. Enzyme-bound GDP 
or ADP could therefore form a complex with AlF

4
− that 

imitates ATP or GTP in its effect on protein confirmation. 
This effect often causes a structural change that locks the 
site and prevents the dissociation of the triphosphate. 
These complexes influence the activity of a variety of phos-
phatases, phosphorylases, and kinases (Bigay et al., 1987). 

Interestingly, recent studies report neuroprotective 
activities of various plant constituents. For instance, 
Shutenko et al. (1999) showed the antioxidant profile of 
flavonoids as strong basis for a neuroprotective activ-
ity in the brain. Further, it has been characterized that 
changes in brain nitric oxide levels in a model of global 
ischemia with reperfusion in the presence of quercetin 
attributed the observed changes to the free radical scav-
enger action of the flavonoids (Shutenko et al., 1999). In 
consistence with this, apigenin, an important flavonoid 
present in the German chamomile, showed a neuropro-
tective activity against acute transient focal cerebral isch-
emia in rats. Apigenin decreased the glutamate-induced 
[Ca2+]

i
 increase by inhibiting AMPA, NMDA, and K+, and 

metabotropic glutamate receptor-induced [Ca2+]
i
 increase 

in cultured rat hippocampal neuron (Liu et al., 2008) and 
it may also inhibit the binding of AlF

4
− complexes to GDP 

and have membrane-stabilizing activity. 
In our previous study, we reported potent neuropro-

tective action of German chamomile against global model 
of ischemia (Chandrashekhar et al., 2010). This caused us 
to further establish the effect of German chamomile in 
another model of cerebral damage.

In the light of above studies, we selected the AlF
4

−-
induced oxidative stress model for evaluation of neu-
roprotective activity of German chamomile. Our results 
demonstrated an enhanced LPO level expressed in terms 
of TBARS and significantly reduced activity of SOD and 
CAT in the AlF

4
−-treated group confirming the brain dam-

age due to oxidative stress. The level of LPO is a measure of 

membrane damage as well as alteration in structure and 
function of cellular membrane. Chamazulene, an active 
constituent from chamomile, affects the free radical pro-
cesses and inhibits LPO in vitro in a concentration- and 
time-dependent manner (Rekka et  al., 1996). In accor-
dance with this, the LPO level was significantly decreased 
in the GCME-treated groups, which may be attributed to 
the effect of chamazulene. The SOD activity was brought 
to near-normal after treatment with German chamomile 
in AlF

4
−-treated experimental animals. The decreased 

CAT activity in AlF
4

−-treated animals may be due to link 
up to exhaustion of the enzyme because of oxidative 
stress. The CAT activity was restored to normal after treat-
ment with German chamomile evidently shows the anti-
oxidant properties of the German chamomile against free 
radicals. Similarly, significantly decreased levels of GSH 
and total thiols were observed in AlF

4
−-treated animals. 

Their levels were restored to near-normal in the German 
chamomile-treated animals.

Natural products with such properties constitute an 
ideal choice for maximum therapeutic effect with mini-
mal risk of iatrogenic adverse effects. Consideration with 
our findings, significantly elevated LPO and depleted 
protective enzymes (SOD, GSH, CAT and total thiols) in 
AlF

4
−-treated groups are thus in correlation with already 

available reports on the role of oxidative stress in cell injury 
in general and cerebrovascular disease in particular. 
The observed results leading to neurodegeneration was 
confirmed by the histopathological differences between 
different treatment groups. On the basis of the previous 
studies, the apigenin and other flavonoids play a role in 
the probable mechanism by which the German chamo-
mile has normalized the oxidative brain damage may be 
because of its ability to decrease the glutamate-induced 
increase in intracellular Ca2+ level, which requires further 
studies to elucidate the exact mechanism of action.

Conclusion

In conclusion, our results, for the first time, suggest that 
German chamomile has the potent neuroprotective 
action against the AlF

4
−-induced oxidative damage in 

brain. Further studies are required to find exact molecular 
mechanism for the neuroprotective action of this plant.
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