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ABSTRACT

Introduction: Consumption of caffeinated energy drinks has been increased worldwide specially in younger
population in order to increase mental and physical performance. Side effects on various systems of human
body have been reported due to their usage. Flax seed oil has been well known since ancient times owing to
its beneficial effects and has now become a major part in our functional food. Aims & Objectives: To
evaluate the Protective effects of flax seed oil on caffeinated energy drink induced changes in adult male
albino rat femur weight and relative tissue weight index. Place and duration of study: This study was
accomplished in department of Anatomy, at Shaikh Zayed Postgraduate Medical Institute Lahore for 8 weeks.
Material & Methods: 32 adult male albino rats average weight (250-300g) were randomly divided into four
groups of 8 animals each. Group A (Control) received corn oil Sml/kg body weight by gavage in addition to
basal diet daily for 8 weeks. Group B (Experimental) received caffeinated energy drink (15ml/kg body
weight) and corn oil Sml/kg body weight. Group C (Experimental) received caffeinated energy drink
(15ml/kg body weight) and 40% of flax seed oil (Sml/kg body weight), while group D (Experimental)
received caffeinated energy drink (15ml/kg body weight) and 60% flax seed oil (Sml/kg body weight) daily
for 8 weeks respectively. The animals were weighed before and after experiment. After 8 weeks, they were
dissected to remove both femur and each femur was weighed, further the right femurs were used for statistical
purpose. Results: The mean difference in weight of femur was nonsignificant amongst experimental groups
(p= 0.950). The relative tissue weight index (RTWI) was significant (p-value 0.001). Conclusion: Flax seed
oil helped in restoring altered femur weight and RTWI changes caused by caffeinated energy drink in adult
male albino rats.
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INTRODUCTION Caffeine (CsHioN4O,) is the world’s most widely

used psychoactive  substance, belongs to

C ] _ methylxanthine class which is chemically related to
affeinated energy drinks are a group of  adenine and guanine bases of deoxyribonucleic acid
beverages which have occupied our markets (DNA) and ribonucleic acid (RNA). ° It is naturally
worldwide in the last few decades. They are easily found in coffee beans, guarana seeds and cocoa
available in grocery stores and marketed as beans. Many caffeine based energy boosting

stimulant drinks used to replenish energy and to substances such as chocolate and its products, soft
enhance endurance performance.'> They mainly drinks, tea, coffee, ice-cream, pain, cold and flu
contain caffeine as a stimulant drug in addition to medicines are commonly used in daily life.°

taurine, glucose, sucrose, glucuronolactone, vitamin Caffeine acting as non-selective phosphodiesterases
B1, B2, B6, B12, artificial flavor and sparkling (PDE) inhibitor raises intracellular cyclic adenosine
water.® The history of energy drinks dates back monophosphate cAMP, activates protein kinases-A,
almost 130 years ago. During 20" century inhibits leukotrienes synthesis and reduces GABA
consumption of carbonated energy drinks with production in tuberomamillary nucleus thus
added caffeine increased worldwide.* produces alertness.” Caffeine is metabolized in liver

by P450 (CYPIA2) to active metabolites like
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methylxanthine, theobromine and theophylline. It
crosses blood brain barrier, placenta and can be
found in breast milk.®

Long term use of caffeine not only leads to
addiction and drug dependence but it can exacerbate
risk of cardiovascular disease, type-2 diabetes
mellitus, liver disease and bone resorption.” More
than 300 mg a day can cause deleterious effects on
human body and its intoxication can lead to
tachycardia, hypokalemia, gastrointestinal
disturbances, hallucinations, cerebral oedema,
seizures, arrhythmias and even death. '

Caffeine works as a diuretic which may lead to
urinary excretion of calcium phosphorus and
magnesium even after several hours of its intake.'" It
also interferes with the absorption of vitamin D,
which is essential for absorption of calcium from
intestine. Various human studies have suggested
that young adults and women who consume
adequate calcium and moderate caffeine may have
little or no deleterious effects. However, adults and
older women who used to take more caffeine than
compensated loss of calcium are at higher risk of
osteoporosis.'?

Evidences have suggested that dietary long chain
polyunsaturated (PUFA), Omega-3 and Omega-6
fatty acids (ALA) can influence human health in
diseased as well as in normal conditions. Additional
studies have shown that diet rich in these ingredients
have also positive effects on bone mass and their
biomarkers.'*!* Regarding to this aspect flax seed
and its various products have occupied a major
proportion of ancient medical history.!* Flax seed or
linseed (Linum Usitatissimum), has been cultivated
for thousands of years by the ancient civilization of
Ethiopia and Egypt for textile fiber and nutrition.
Flax seeds come from the flowers of plants and can
be pressed into oil and ground into flax seed meal
for baking.!®

Flax seed oil is rich in Omega-3, Omega-6 fatty
acids (ALA), lignans, proteins, carbohydrates,
Vitamin A, B1, B2, B6, C, E, folic acid and trace
minerals like calcium, magnesium, phosphorus,
potassium, copper and sodium .!7 The ALA content
in flax seed oil is more than fish oil, so it can be
used as an alternative to fish oil, where marine food
is not available or danger of contamination of sea
life. After regular use in our diet, Omega-3 fatty
acids (ALA) not only reduces the risk of coronary
disease, cholesterol, hypertension, metabolic
syndrome and diabetes mellitus but also help in
calcium and phosphorus absorption thus help in
reducing inflammatory diseases like rheumatoid
arthritis, osteoarthritis and osteoporosis.'®!’ Taking
into consideration the above mentioned beneficial
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effects of flax seed oil on human body and due to
extensive use of caffeinated energy drinks in youth,
the current study was mapped out to mitigate the
hazardous effects of caffeinated drinks on femur
weight and relative tissue weight index (RTWI) of
adult male albino rats.

MATERIAL AND METHODS

32 adult, healthy male albino rats, age (3-6 months),
average weight (250-300 g) were purchased from
university of health science. They were divided into
four groups, group A (control), group B, C and D
(experimental groups), each group consisting of 8
rats. All the rats were kept at room temperature of
22+ 25 °C .They were acclimatized for 7 days and
had free access to food and water ad libitum. A 12
hours light/ dark cycle was maintained.  After
acclimatization, all the rats were divided randomly
by lottery method into four groups. Before
experiment all the rats were weighed and recorded.
Furthermore the rats were marked with permanent
markers for identification and placed in 4 different
cages for 8 weeks.

Group A: Control group received corn oil Sml/kg
body weight daily for 8 weeks.

Group B: Experimental group received 15ml/kg of
caffeinated energy drink and corn oil Sml/kg body
weight daily for 8 weeks

Group C: Experimental group received 15ml/ kg of
caffeinated energy drink and 40% of flax seed oil
(100ml oil formed by adding 40ml of flax seed oil
and 60ml of corn oil) in a dose of Sml/kg body
weight daily for 8 weeks.

Group D: Experimental group received 15 ml/kg of
caffeinated energy drink and 60% of flax seed oil
(100 ml oil formed by adding 60 ml of flax seed oil
and 40ml of corn oil) dose of Sml/kg body weight
daily for 8 weeks.

After 8 weeks of study period, all the rats were
weighed individually, and then euthanized for
dissection after 24 hrs of giving last doses of
caffeinated energy drink and flax seed oil. A vertical
midline incision was done on each thigh of the rat.
The skin was reflected and muscles were removed
to view femora. Both right and left femur were
dissected out, cleaned and weighed individually.
Furthermore, right femora were selected for
statistical purposes.

Statistical analysis:

Data was entered and analyzed by using SPSS
version 20.0. The quantitative variables like femur
bone weight and relative tissue weight index
(RTWI), were presented by using mean and
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standard deviation (S.D). Comparison among group
was made by using one way ANOVA. For post hoc
analysis Tukey’s was used where required. p-value<
0.005 was statistically significant.

RESULTS

The mean weight of right femur in all groups was
observed after experiment (Table-1).

One way ANOVA test revealed insignificant
difference in mean femur weight among various
with p =0.950 (Table-2).

Post hoc Tukey test for multiple comparison of

Group Relative Tissue Weight Index
Mean = SD p-value
A 0.407 £+ 0.008
B 0.388 £0.011 "
C 0.397 £ 0.009 0.001
D 0.399 £ 0.006
Mean £ SD p-value

A 0.407+0.008

B 0.388+0.011

C 0.397£0.009

D 0.399+0.006

Table-4: Relative Tissue weight Index of bone in control
and experimental groups.

0.001*

weight of femur in between control and SS um of Df Mean F p-

. .. quares Square value
egperlmental groups also showed nonsignificant Between Groups | 0.002 | 3 |0.00051]6.899]0.001*
difference among various groups (Table-3). Within Groups | 0.002 | 28 |0.00007

- Total 0.004 | 31
Group Weight of Bone Table-5: Comparison of relative tissue weight index of
Mean + SD p-value right femur bone in control and experimental

A 1.245 + 0.042 groups by using one way ANOVA.

B 1.231 £ 0.053 0.950"

C 1.236 = 0.047 ' Group Mean Std. p-value

D 1.240 £ 0.048 Difference Error
Table-1: Weight of Femur (g) in control and B 0.019500 | 0.004306 | 0.001

experimental groups. A C 0.010750 | 0.004306 | 0.082"
D 0.008875 | 0.004306 | 0.191°
Sum of Df Mean F p- C -0.008750 | 0.004306 | 0.201"
Squares Square value D -0.010625 | 0.004306 | 0.087"
Between Groups| 0.001 | 3 ]0.000 |0.116]/0.950" C D -0.001875 | 0.004306 | 0.972*
Within Groups | 0.063 | 28 | 0.002 *Significant difference(p value < 0.05)
Total 0.064 | 31 +Insignificant difference (p value > 0.05)

Table-2: Comparison of weight of femur (g) of rats in
control and experimental groups by using one

way ANOVA

Group Di?&itice Std. Error | p-value
B 0.013375 0.023807 0.943*

A C 0.009000 0.023807 0.981"
D 0.004750 0.023807 0.997*

B C -0.004375 0.023807 0.998"
D -0.008625 0.023807 0.983"

C D -0.004250 0.023807 0.998"

Table-3: Multiple comparison of weight of Femur (g) of
rats in control and experimental groups by
Tukey Test.

2. Relative tissue weight index:

The mean relative tissue weight index in all groups
was observed after the experiment (Table-4).

A significant difference was found in mean RTWI
among all groups with p =0.001 (Table-5).

Group wise comparison revealed significant
difference between experimental group B and
control group A, while insignificant difference was
found in remaining groups. (Table-6)

Table-6: Multiple comparison of relative tissue weight
index of right femur bone in control and
experimental groups by using Tukey Test.

DISCUSSION

Caffeinated energy drinks have raised special health
concerns in the recent past years due to hazardous
effects on various systems of human body like
cardiovascular system, Nervous system,
gastrointestinal, reproductive system, muscles,
joints, bones and mineral status of our body.?® In the
last few decades, public interest towards functional
food has been developed due to potential health
benefits of their ingredients. According to European
commission, functional foods not only provide basic
nutrition but also improve physical and mental
health, thus decrease the risk of diseases.?!

Flax seed and its various ingredients have potential
health benefits due to their important ingredients
like PUFA, MUFA, ALA, vitamin A, B, C, E, trace
minerals such as calcium, phosphorus, magnesium,
potassium and copper.?

In this study the mean right femur weight was
decreased in experimental group B (received
caffeinated energy drink) as compared to control
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group A. While it was gradually increased in
experimental group C & D (received caffeinated
energy drink & 40% and 60% of flax seed oil)
respectively as compared to experimental group B.
(Table-1)

However, the main difference in femur weight was
nosignificant among various groups. (Table-2 & 3).
These findings are in relevance with the work of
Shin et al, who also found reduction in length and
weight of long bones exposed to high doses of
caffeine for one month.?® The increase in bone
weight in group C and D as compared to group B
was in both groups received 40% and 60% of flax
seed oil along with caffeinated energy drink. The
presence of PUFA in the form of ALA, omega-3
fatty acids and antioxidants in flax seed oil
knocked out free radicals, helped to improve
osteoporosis and bone weight in these groups.** This
is in accordance with Hala, who suggested that flax
seed oil PUFA and ALA helped to improve
osteoporosis in estrogen deficient state.'* It also
coincides with the work of Weiss et al, who also
found that high ratio of omega-3 and omega-6
PUFA helped in restoring bone mineral density and
osteoporosis in both male and female.?

In the current research work the fluctuation in femur
weight when compared with body weights of rats
were calculated by RTWI. The mean difference in
RTWI was statistically significant among various
groups (p= 0.001 Table-4 & Table-5). It was
relatively high in control group A as compared to
experimental groups B, C and D. While, comparing
groups it was gradually increased in group C and D
(Caffeinated energy drink & 40% and 60% of flax
seed oil) respectively. Multiple comparison of
RTWI among groups revealed significant difference
in between experimental group B and control group
A (p = 0.001), however nonsignificant difference
was observed among remaining groups B, C and D
(Table-6).

The possible reason of decrease of RTWI in group
B (caffeinated drink) as compared to control group
A was due to decrease in the mean of femur weight
and increase of mean body weight in this group. The
probable reason of increase in mean body weight in
this group was due to caffeinated energy drinks
increased sugar level might impair insulin secretion
and lipid storage in adipose tissue.’® Similar
findings were observed by Gheith, who also found
significant increase in mean body weight in
experimental group (caffeinated energy drink) as
compared to control in adult male albino rats.?’

The gradual increase in RTWI of group C
(caffeinated energy drink & 40% flax seed oil) and
group D (caffeinated energy drink & 60% flax seed
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oil) respectively was mainly due to consumption of
flax seed oil in these groups which not only reduced
osteoporosis and increased bone weight, but also
helped in reducing the body weight of adult albino
rats. This is in relevance to the work of El-Bahy et
al, who also observed significant increase in mean
bone weight and gradual reduction of mean body
weight when treated with 5% and 10% of
combination of flax seeds, pumpkin seeds and
sesame seeds and thus RTWI was gradually
increased in rats suffering from osteoporosis.?® The
probable reduction of osteoporosis and gain in bone
weight had also been explained by Kelley, who
postulated that PUFA and ALA in diet lower
arachidonic acids and PGE-2 production and helped
in bone repair by calcium absorption when given for
8 weeks in young adult malerats.?’ Also Maria et al,
had emphasized that PUFA in the form of ALA
along with EPA and DHA modify cytokines and
inhibits COX-2, IL-1 and IL-6 and protein
biosynthesis in osteoblastic cells thus, reduced
inflammation and increased bone weight in male
rats.>

CONCLUSION

Flax seed oil helped in alleviating changes in femur
weight and relative tissue weight index caused by
caffeinated energy drink in adult male albino rats.
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