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Abstract

Background and Objective: Young and adolescents ingest the caffeinated energy drinks (ED) to enhance their mental and physical
performances and improve alertness and concentration alone or by mixing them with other stimulants such as Catha edulis leaves.
This study aimed to investigate the effect of mixing caffeine and Catha edulis on the antioxidants of brain cortices of rabbits.
Materials and Methods: Three groups of rabbits received Catha edulis and caffeine for 35 days at doses of 5 mL kg~' and 1.1 mg,
respectively, alone or together. The fourth group served as control. At the end of the study rabbits brain cortices were removed and
differentantioxidant and histopathological tests were performed. Results: Reduced activity of catalase and thiol contents were observed
following exposure to caffeine and/or Catha edulis with changing in the levels of protein, albumin, glucose, cholesterol urea and UA
as compared to control group. Conclusion: It is concluded that consumption of caffeinated ED and/or Catha edulis are responsible of
biochemical changes as well as histopathology of the brain cortices of rabbits.
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INTRODUCTION

Despite the raised concern regarding the consumption of
energy drinks (EDs) by youth, suggesting no place in the diet
of children and adolescents’, there is a significant growth of
EDs production worth expected to reach USD 61707.5 million
by 2021 compared to USD 39760.8 million? in 2013. Caffeine
is one of the major functional constituents in EDs that
provide a stimulating effect and enhancing physical and
mental performances*. The caffeine intoxication includes;
restlessness, headaches, nervousness, irritability, anxiety,
nausea, vomiting after consumption of as higher doses as
500-600 mg per day®. The effect of caffeine on brain
physiology is not fully understood where it is reported to act
on a number of neurotransmission systems such as
dopamine®®, However, Volkow et a/° showed that caffeine
does notactdirectly on the neurotransmittersand instead acts
through increasing their receptors levels or changing the
receptors affinity.

Premixing EDs with other stimulants and drinks becomes
a habit widespread among adolescent and young adult
worldwide'. People of east horn of Africa and Yemen widely
chew the leave of Catha edulis toimprove performance, stay
alert and increases work capacity. This habit of chewing
Catha edulis becomes of major concern in countries where
the plant is cultivated (East African Horn and Yemen) or in
countries where the immigrants from those countries are
still having the habit of chewing Catha edulis leaves''.
Cathinone found in Catha edulis leaves, is the alkaloid that
has stimulating effects upon the central nervous system
resulting in mood elevation and euphoria. It has an
amphetamine like action and is the main constituent of
Catha edulis along with cathine'?. One of the mechanisms
reported in Catha edulis chewing is production of highly
cells-damaging molecules, reactive oxygen species (ROS),
affecting the cells biomolecules including DNA, proteins and
lipids'. Those ROS are associated with many diseases
including cancer and neurode generative disorders, they are
produced normally during metabolic processes orin response
to external sources such as environmental or industrial
toxins'. The presence of free radicals and hence oxidative
stress in the serum of Catha edulis abusers has been
reported”. It has been reported that Catha edulis
consumption responsible for reduction of antioxidant
capacities in red blood cells's, plasma'” and saliva'®. Recently
Masoud et a/’® found that mixing both Catha edulis and EDs
might affect the antioxidant system in the plasma and kidney
of rabbits exposed to Catha edulis and ED. The habit of
mixing both Catha edulis and ED has increased among
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people in Yemen, this lead to design the present study with
the aim to investigate the short term effect of consumption of
both EDs and Catha edulis leaves in the brain cortices.

MATERIALS AND METHODS

Experimental animals: Male rabbits (0.700-1.350 kg) were
purchased and housed in cages in the facility of Faculty of
Applied Science, Thamar University, Yemen. They were
randomly segregated into four groups each having 6 animals
as follows:

Control group: Animals were received food and water
ad libitum

Catha edulis group: Animals were given Catha edulis
extract (5 mL kg™) orally for 35 days

Energy drink (ED) group: Animals were received ED
(5 mL kg™, 1.1 mg of caffeine) for 35 days

Catha edulisEnergy drink (Catha edulis+ED) group:
Animals were received both Catha edulis and ED as in
groups 2and 3

A survey distributed to adult Catha edulis chewers in
Thamar city (the body weight, approximate Catha edulis
consumption period and quantity and ED type and amount
consumed during the Catha edulis session have been
questioned) to select the doses of both Catha edulis and ED.
The study carried out between January and May 2014 and was
approved by ethical Committee at Chemistry Department,
Thamar University, in their meeting number 1 for the
academic year 2014 and followed the guidance of animal use
and care. Atthe end of the study, animals were sacrificed, their
brain were removed and the brain cortices were rinsed,
homogenized in phosphate buffered saline (10% w/v, pH 7.4)
and used for measuring biochemical assays. Some brain
cortices were kept in formalin (40%) and used for
histopathological studies.

Biochemical assays

Catalase activity: Catalase (CAT) was measured according to
Luck method®. Briefly, the reaction mixture containing of
12.5 mM H,0, in 0.067 M phosphate buffer (pH 7.0) and
supernatant was read at 240 nm for 2 min. Results were
expressed as umoles of H,0, decomposed min~" g~ protein
(molar extinction coefficient of H,0, is 71 M~ cm™").

Total thiol (T-SH) content: T-SH levels were quantified in the
homogenate according to the method of Ellman?' as modified
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by Sedlak and Lindsay?2. The reaction mixture of homogenate
with phosphate buffer0.02 M and EDTA (pH 8.2) together with
100 uL of 0.01 M DTNB was incubated for 15 min at room
temperature and then centrifuged at 1,200 rpm for 5 min. The
absorbance was measured at 412 nm and results were
expressed as nmoles of T-SH/g protein (molar extension
coefficient of DTNB is 13,600 M~' cm™).

Glutathione (GSH) levels: The GSH level was measured in the
in the homogenate according to the method of Ellman?'.
Trichloroacetic acid was added to the homogenate sample
and centrifuged at 3000 rpm for 5 min. The supernatant was
added to DTNB in 0.1 M phosphate buffer (pH 8.0) and the
absorbance was read spectrophotometrically at 412 nm after
2 min. Results were expressed as nmoles of GSH/g protein
(molar extension coefficient of DTNB is13,600 M~' cm™").

Protein thiol contents (P-SH): P-SH contents were measured
by subtracting GSH from T-SH and the results were expressed
as nmoles of P-SH/g protein (molar extension coefficient of
DTNB is13,600 M~" cm™").

Other biochemical assays: Measurement of uric acid, urea,
total protein, albumin and glucose concentrations were done
using commercial kits (Spinreact, Spain), whereas, cholesterol
assay was measured using the kit purchased from Enzopak
(India), the Cvs% range between 0.21-1.64.

Histopathological changes: Histopathological studies were
carried out by performing routine hematoxylin and eosin
staining to evaluate the morphological and structural changes
in the brain.

Statistical analysis: Data were represented as Mean=SD and
were analyzed using one way analysis of variance ANOVA test
followed by Newman-Keuls post hoc test. Differences
between groups were considered significant when p<0.05. All
analysis were performed using the sigma-stat software
(version 3.5).

RESULTS

CAT activity:Figure 1 shows the effect of mixing Catha edulis
with ED on CAT activity of rabbit brain cortices. Sharp decrease
in the CAT activity was seen following short term exposure to
Catha edulis extract and/or ED in the brain cortex of rabbits
as compared to control animals. The reduction was more in
Catha edulis group as compared to other treated animals
(p<0.05).
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Fig. 1: CATactivity inthe rabbit cortex of control, Catha edullis,
ED and Catha edulis+ED groups

Results expressed as mean=SD, **p<0.05 considered significant
compared to control (n = 6)

Table 1: Thiol contents in the brain cortex of control, Khat, ED and Khat+ED in
rabbits (nmoles/g protein)

Groups/tests GSH P-SH T-SH
Control 2.36%+0.02° 22.24+578° 24.60+5.8°
Khat 1.83+0.14° 13.13£2.14° 14.96+2.28°
ED 1.06£0.28¢ 3.44%0.17¢ 4.50+0.45¢
Khat+ED 1.61%0.14° 6.01+0.03¢ 7.62£0.17¢

Results are expressed as MeanSD, n= 6.Superscript alphabets are significantly
different from their corresponding group (p<0.05)

Thiol contents: Table 1 describes the changes in thiol
contents of rabbit brain cortices following 35 days
administration of both Catha edulis extract and/or ED.
Similar pattern of results was seen in T-SH and P-SH contents
as in CAT activity where, administration of Catha edulis
and/or ED showed a significant decrease, with no significant
changes between ED and Catha edulis+ED groups. However,
GSH levels were significantly reduced in all groups as
compared with control animals with no significant
changes between Catha edulis group and ED group
(Table 1).

Protein and albumin levels: Figure 2 shows the alterations in
the protein and albumin levels of rabbit brain cortices
following administration of Catha edulis extract and/or ED.
The protein level was increased significantly following either
exposure to ED or to both ED and Catha edulis as compared
to control animals (Fig. 2a, p<0.05) in the brain cortices of
rabbits. A significant reduction in albumin levels was seen in
the brain cortices of Catha edulis+ED group as compared to
control (Fig. 2b, p<0.05).

Uric acid and urea: Changes in uric acid (UA) and urea
contents of brain cortices of rabbits in response to
consumption of Catha edulis extract and/or ED were shown
in Fig. 3. The UA levels were reduced in ED group only as
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Fig. 2(a-b): (a) Protein level and (b) Albumin level in the rabbit cortex of control, Catha edulis, ED and Catha edulis+ED groups
Results expressed as Mean=SD, superscript alphabets are significantly different from their corresponding group (p<0.05) considered significant
compared to control (n = 6)
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Fig. 3(a-b): (a) Uric acid level and (b) Urea level in the rabbit cortex of control, Catha edulis, ED and Catha edulis+ED groups
Results expressed as Mean®SD, Superscript alphabets are significantly different from their corresponding group p<0.05 considered significant compared
to control (n = 6)
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Fig. 4(a-b): (a) Glucose level and (b) Cholesterol level in the rabbit cortex of control, Catha edulis, ED and Catha edulis+ED
groups
Results expressed as Mean=®SD, Superscript alphabets are significantly different from their corresponding group p<0.05 considered significant compared
to control (n = 6)

compared with other groups (Fig. 3a, p<0.05). However, urea Glucose and cholesterol levels: In Fig. 4, the levels of glucose
levels in the brain cortices showed significant changes  and cholesterol in the brain cortices of rabbits were shown
following exposure to ED alone or if mixed with Catha edulis  following consumption of Catha edulis extract and/or ED.
compared with control animals (Fig. 3b, p<0.05). Higher glucose concentrations were seen following
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Fig. 5(a-d): Histopathological changes in the brain cortex of (a) Control, (b) Catha edulis, (c) ED and (d) Catha edulis+ED groups.
(A) Normal cell morphology, (B) Congested blood vein, shrinking, necrotic neuron cell body and widening spaces
around neuron cells, (C) Necrotic aeria and widening spaces around neuron cells and (D) Congested brain vein,
enlarged neuron cell body, necrotic neuron cell body and widening spaces around neuron cells

administrations of Catha edulis and ED either alone or mixed
in the brain cortices of rabbits compared to control (Fig. 4a),
the high increase was seen in ED group compared with
other groups. Cholesterol level was increased in the ED
group and Catha edulis+ED group as compared to control or
Catha edulis groups (Fig. 4b, p<0.05).

Histopathological changes: Histopathological changes of
the cortex stained with hematoxylin and eosin of the
rabbits exposed to Catha edulis extract and/or ED for
35 days were shown in Fig. 5. The control group showed
normal cell morphology. However administration of ED
resulted in congested blood vein, shrinking, necrotic
neuron cell body and widening spaces around neuron cells,
while necrotic aeria and widening spaces around neuron
cells have been observed in cortex of Catha edulis group.
Both Catha edulis and ED administration showed
congested brain vein, enlarged neuron cell body, necrotic
neuron cell body and widening spaces around neuron cells
(Fig. 5).
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DISCUSSION

The antioxidant system of rabbit’s brain cortices has been
affected following 35 days of administration of Catha edulis
and/or ED in the present study. Reduced activity of CAT and
thiol contents were observed following exposure to caffeine
and/or Catha edulis with changing in the levels of protein,
albumin, glucose, cholesterol urea and UA. The present study
reported for the first time these changes in the antioxidant
levels of rabbit’s brain cortices following a short term of
mixing both ED with Catha edulis, the main stimulant found
in the leaves of Catha edulis and chewed in many countries.

One of the habits spread among young and adolescents
is ingestion the caffeinated ED to enhance their mental and
physical performances and improve alertness and
concentration. They also mix these EDs with other stimulants
for maximum effect raising concerns of using these stimulants
individually or together'™.

Caffeine affects different neurotransmitters either by
increasing the levels of their receptors or changing their
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affinity®®.On the otherhand, Catha edulis hasamphetamine
like structure and function and act on catecholaminergic
synapses by increasing levels of dopamine, serotonin and
noradrenalin?. Neurotransmitters are factory of ROS and serve
as sources of oxidative stress in the brain2%,

Masoud et al' reported that despite the low dose of
caffeine used (0.22 mg mL™", 1.1 mg of caffeine) daily for
35 days might results in alteration the antioxidants in plasma
and kidney of rabbits exposed to both caffeine and/or
Catha edulis. The same dose and duration have more effect
in the brain cortices of rabbits suggesting the tissue specific
action of these two stimulants. Present findings are in
agreement with those of Zeidan-Chulia et a/?, who reported
that CAT activity decreases in a concentration-dependent
manner in human neuronal SH-SY5Y cells. This change in CAT
activity attributed to increase ROS in the brain following
exposure to caffeine and/or Catha edulis, which was
concomitant with reduction in the levels of thiol groups
including GSH, P-SH and T-SH.

Present observation also in agreement with those of
Svatikova et a/?” where both reported that the consumption
of ED increasing glucose levels in young healthy adults or in
the brain cortices of rabbits in this study. Catha edulis present
in the leaves of Catha edulis showed a significant decrease
in the anti-oxidants of red blood cells' plasma'” and saliva'®
which is also in consistent with the present data. One of the
main actions of the presence of ROS in the cells is affecting
different biomolecules including proteins and lipids'3, in the
present study, protein, albumin and cholesterol levels have
been changed following ED ingestion either alone or when
mixed with Catha edulis but no changes were seen in
Catha edulis group. This might showed that caffeine has
effect on brain despite the low dose and short term but
not Catha edulls.

The UA levels in the brain cortices of rabbits showed
reverse pattern as compared with previous finding in the
plasma' or with those of Wahlqvist® where UA has been
reported to be increased after consumption of drinks or
alcohol and decreased only in the brain cortices of ED group.

As the mixing of ED and Catha edulis becomes a daily
habit among people who chewing Catha edulis for long
period, more investigations need to be carried out to study
the effect of this mixing in long term in both animal and
human subjects.

CONCLUSION

It is concluded that mixing both ED and Catha edulis
during chewing session or ingestion them alone
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results in alteration of antioxidant system in the brain
cortices despite the low doses and short term.

SIGNIFICANCE STATEMENT

This study discovered the effect of mixing ED and/or
Catha edulis on brain cortex of rabbits exposed to short term
of ED and/or Catha edulis that can be beneficial for
population used to ingest these two chemicals as stimulants.
This study will help the researchers to uncover the critical
areas of the relation of the use of these two stimulants on the
CNS that many researchers were not able to explore. Thus a
new theory on effect of ED and/or Catha edulis consumption
on CNS may be arrived at.

REFERENCES

Committee on Nutrition and the Council on Sports Medicine
and Fitness, 2011. Sports drinks and energy drinks for
children and adolescents: Are they appropriate? Pediatrics,
127:1182-1189.

Anonymous, 2015. Global energy drinks market: Insights,
market size, share, growth, trends analysis and forecast to
2021. Research and Markets, PR Newswire, New York, USA.,
September 3, 2015.

Alford, C,, H. Cox and R. Wescott, 2001. The effects of red bull
energy drink on human performance and mood. Amino
Acids, 21: 139-150.

Heckman, M.A.,, K. Sherry and E.G. De Mejia, 2010. Energy
drinks: An assessment of their market size, consumer
demographics, ingredient profile, functionality and
regulations in the United States. Compr. Rev. Food Sci. Food
Saf,, 9:303-317.

Nawrot, P., S. Jordan, J. Eastwood, J. Rotstein, A. Hugenholtz
and M. Feeley, 2003. Effects of caffeine on human health.
Food Addit. Contam., 20: 1-30.

Chen, Y. and T.B. Parrish, 2009. Caffeine's effects on
cerebrovascular reactivity and coupling between cerebral
blood flow and oxygen metabolism. Neurolmage,
44: 647-652.

Ferre,S.,2010.Role of the central ascending neurotransmitter
systems in the psychostimulant effects of caffeine. J.
Alzheimer's Dis., 20: S35-549.

Griffeth, V.E., J.E. Perthen and R.B. Buxton, 2011. Prospects for
guantitative fMRI: Investigating the effects of caffeine on
baseline oxygen metabolism and the response to a visual
stimulus in humans. Neurolmage, 57: 809-816.

Volkow, N.D., G.J. Wang, J. Logan, D. Alexoff and
J.S. Fowler et al, 2015. Caffeine increases striatal dopamine
D,/D; receptor availability in the human brain. Transl.
Psychiatry, Vol. 5, No. 4. 10.1038/tp.2015.46.



10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

Asian J. Biol. Sci,, 12 (4): 664-670, 2079

Bunting, H., A. Baggett and J. Grigor, 2013. Adolescent and
young adult perceptions of caffeinated energy drinks. A
qualitative approach. Appetite, 65: 132-138.

Ageely, H.M., 2008. Health and socio-economic hazards
associated with khat consumption. J. Family Community
Med., 15:3-11.

Wabe, N.T.,2011.Chemistry, pharmacology and toxicology of
khat (Catha edulisForsk): Areview. Addict. Health, 3: 137-149.
Aleryani, S.L., RAA. Aleryani and A.A. Al Akwa, 2011. Khat a
drug of abuse: roles of free radicals and antioxidants. Drug
Testing Anal., 3: 548-551.

Lobo, V., A. Patil, A. Phatak and N. Chandra, 2010. Free
radicals, antioxidants and functional foods: Impact on human
health. Pharmacogn. Rev., 4: 118-126.

Al-Akwa, A.A., M. Shaher, S. Al-Akwa and S.L. Aleryani, 2009.
Free radicals are present in human serum of Catha edulis
Forsk (Khat) abusers. J. Ethnopharmacol., 125: 471-473.
Masoud, A., A. Anooby, A. Aldarwesh, A. Alhazmy and
A. Alsanaany et al, 2014. Effect of chewing Catha edulis with
amphetamine-like effect on erythrocyte antioxidant system.
Arabian J. Sci. Eng., 39: 5307-5313.

Masoud, A.M., B.A. Al-Shehari, L.N. Al-Hattar, M.A. Altaezzi,
W.A. Al-Khadher and Y.N. Zindal, 2012. Alterations in
antioxidant defense system in the plasma of female khat
chewers of Thamar City, Yemen. Jordan J. Biol. Sci., 5:129-133.
Masoud, A, A. Al-Qaisy, A. Al-Fageeh, A. Al-Makhadri and
D. Al-Awsh et al, 2016. Decreased antioxidants in the saliva
of Khat chewers. Saudi J. Dent. Res., 7: 18-23.

Masoud, A.,N.A. Al-Mekhlaf, H. Al-Madhag, A. Al-Qamady and
A. Ali et al, 2018. Effect of consumption energy drinks and
khat (Catha edulis) on the antioxidant system of plasma and
kidney of rabbits. Indo Am. J. Pharmaceut. Sci., 5: 8417-8426.

670

20.

21.

22.

23.

24.

25.

26.

27.

28.

Luck, H., 1971. Catalase. In: Methods of Enzymatic Analysis,
Bergmeyer, H.U. (Ed.). AcademicPress, New York, pp: 885-893.
Ellman, G.L,, 1959. Tissue sulfhydryl groups. Arch. Biochem.
Biophys., 82: 70-77.

Sedlak, J. and R.H. Lindsay, 1968. Estimation of total, protein-
bound and nonprotein sulfhydryl groups in tissue with
Ellman's reagent. Anal. Biochem., 25: 192-205.

Kalix, P. and O. Braenden, 1985. Pharmacological aspects of
the chewing of khat leaves. Pharmacol. Rev., 37: 149-164.
Uttara, B., A.V. Singh, P. Zamboni and R.T. Mahajan, 2009.
Oxidative stress and neurodegenerative diseases: A review of
upstream and downstream antioxidant therapeutic options.
Curr. Neuropharmacol., 7: 65-74.

Wang, X. and EK. Michaelis, 2010. Selective neuronal
vulnerability to oxidative stress in the brain. Front. Aging
Neurosci., Vol. 2. 10.3389/fnagi.2010.00012.

Zeidan-Chulia, F., D.P. Gelain, E.A.Kolling, J.L. Rybarczyk-Filho
and P. Ambrosi et a/, 2013. Major components of energy
drinks (caffeine, taurine and guarana) exert cytotoxic effects
on human neuronal SH-SY5Y cells by decreasing reactive
oxygen species production. Oxid. Med. Cell. Longevity, Vol.
2013.10.1155/2013/791795.

Svatikova, A., N. Covassin, K.R. Somers, K.V. Somers, F. Soucek,
T. Kara and J. Bukartyk, 2015. A randomized trial of
cardiovascular responses to energy drink consumption in
healthy adults. J. Am. Med. Assoc., 314: 2079-2082.
Wahlqvist, M.L., 2013. Antioxidant relevance to human health.
Asia Pac. J. Clin. Nutr., 22: 171-176.



	ajbs.pdf
	Page 1


