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ABSTRACT

This study was designed to investigate the effect of caffeine on gonads function related with biochemical assess in
male rats. Caffeine is a chemical compound that may interfere with many organs functions in the body, it may
cause endocrine dysfunction in diagnosis of many clinical cases. Twenty-four adult male rats were randomly
allotted to constituently control and treated groups having 6 rats in each one, all rats gavage daily for 40 days as
follows: control group (GI) received 0.5 ml of distilled water. The treated groups were distributed as follow GII
received (25mg caffeine/kg), GIII (50 mg caffeine/kg) and GIV (100mg caffeine/kg). Blood samples were
collected from inferior vena cava of the heart of sacrificed animals and divided into two tubes; one contains EDTA
for hematological analysis and the second tube was centrifuged at 3000rpm for 15min., the serum collected in an
Eppendorf tube and stored at -20C° for further laboratory investigation. Rats organs collected for histopathological
study. Results reveal that the caffeine significantly increase serum testosterone, a sperm abnormality, RBCs, Hb,
PLT. While, caffeine significantly decrease in sperm count, sperm motility and serum ALT, urea, WBCs, in all
treated groups when compared to non-treated rats. Histopathological study showed different degree of suppression
of spermatogenesis in testes, atrophy of glomeruli, vacuolation of hepatocytes and myocardial muscle cells in a
high dose manner.
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INTRODUCTION

Coffee and other caffeine-containing beverages are
widely consumed on a daily basis (1). Caffeine is
now being added to food products such as potato
chips, chocolates and bottled water which confirms
it is growing popularity (2). It is a naturally
occurring substance found in coffee beans, tea
leaves, kola nuts and cocoa beans. Recently there
has been an increase in energy drink consumption
leading to caffeine abuse, with aggressive marketing
and poor awareness on the consequences of high
caffeine use (3).

It is therefore important to define the possible risks
and benefits associated with caffeine intake, in order
to be able to better inform both health professionals
and the public. In fact, coffee is a complex chemical
mixture reported to contain more than a thousand
different chemicals including carbohydrates, lipids,
nitrogenous  compounds, vitamins, minerals,
alkaloids and phenolic compounds (4).

Caffeine (1, 3, 7-trimethylxanthine) is a purine
alkaloid that occurs naturally in coffee beans (4).
Caffeine appears to exert most of its biological
effects through the antagonism of the Al and A2
subtypes of the adenosine receptors (5,6). Caffeine
is rapidly and almost completely absorbed in the
stomach and small intestines and distributed to all
tissues, including the brain. Caffeine metabolism
occurs primarily in the liver, which are ultimately
excreted in the urine. The structure of caffeine is
similar to adenosine in the body.

The caffeine binds to adenosine cell membrane
receptors found in the heart, brain, smooth muscles,
adiposities, and skeletal muscles. Caffeine can
simultaneously affect a wide number of tissues in
the body (7); it stimulates the CNS and increases the
release of epinephrine. Caffeine has been shown to
increase heart rate, metabolic rate, respiratory center
outputs, fat oxidation and diuresis. It also decreases
perception of pain and fatigue (8).

Caffeine usage may cause anxiety, heart
palpitations, trembling, nervousness and facial
flushing. These adverse effects are usually dose
related. More side effects were reported when
subjects consumed greater than 6 to 9 mg/kg body
weight (9). Lethal half dose of caffeine is 150 to
200 mg/kg body weight (roughly 100 cups of
coffee). Acute caffeine toxicity can cause
hematemesis, hyperventilation, hyperglycemia,
hypokalemia, metabolic acidosis and cardiac
arrhythmia (10). This study aimed to determine the
effect of therapeutic doses of caffeine on
biochemical ~ parameters and  study  the
histopathological changes on some organs of rats.

MATERIALS AND METHODS
Experimental animals:

Twenty four adult male rats (232 + 2.5 gm body
weight) were housed (6 rats/cage) under optimum

identical conditions (12/12 light, dark cycle, 22 + 2
C’) where in these are allowed fiee access to
pelleted rat chow and tap water, 24 adult male rats
were randomly allotted to constituently control and
treated groups having 6 rats in each group,
according to guide for laboratory animals (11). All
rats were gavage daily for 40 days as follows:
control group (GI) received 0.5 ml of distilled water.
Also, treated groups were distributed as follow GII
received (25mg caffeine/kg), GIII (50 mg
caffeine/kg) and GIV (100mg caffeine/kg). At the
end study, blood samples were collected from
inferior vena cava of the heart of sacrificed animals
and divided into two tubes; one contains EDTA for
hematological analysis and the second tube was
centrifuged at 3000 rpm for 15min. The serum was
collected in an Eppendorf tube and stored at -20C°
for further laboratory investigation. Rats’ organs
were collected for histopathological study.

Studied parameters:

The animal in this study were weighted after the
adaptation period (at 0 time) and at the end of the
experiment (at 40 days time). The blood samples
were collected from inferior vena cava of the heart
of sacrificed animals in ETDE tube for
hematological parameters were measured by
hematology analyzer (Genex Inc., Florida USA)
included: total Erythrocytes count, Hemoglobin
concentration, Total Leukocytes count and platelets.
The second tube of blood was centrifuged at
3000rpm for 15min. and serum collected in
Eppendorf tube for biochemical and hormonal
analysis as follows, Aspartate aminotransferase
(AST) and Alanine aminotransferase (ALT) activity
were measured by U.V assay according to
International Federation of Clinical Chemistry and
Laboratory Medicine (IFCC) without pyridoxal
phosphate activation (12). The urea level was
measured by ultra violet assay and the creatinine
level was measured by UV assay (Modified Jaffe
method) through the reagents used in automatic
analyzer (Mindray) ACCENT-200 and ACCENT-
200 IT GEN (13). Serum testosterone was measured
using AFIAS-6 (automated fluorescent
immunoassay system) (14). The testes weight were
measured immediately after collection from
sacrificed animals. Measurement of sperm count,
sperm motility and sperm normality was done as
described by Evans and Maxwell. Caffeine sample
used in this study was procured from Iraqi Sama
Alfayhaa  Pharmaceutical Industries, Himedia
company, Iraq. Doses of caffeine prepared and used
for this study were 25mg\kg, 50 mg\kg and
100mg\kg body weight of rats.

Histopathological study:

At the end of experiment, all animals were
sacrificed and testes, kidney, liver and heart organs
were collected, then preserved in 10% buffered
formalin for histopathological examination. Slides
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were stained with hematoxylin and eosin stain for
examination according to Drury (15).

Statistical analysis:

Data were expressed as mean =+ standard deviation
(SD). In addition to used ANOVA analysis in
experiment, least significant difference (LSD) was
used to test the differences among means for
ANOVA indicated a significant (P<0.05), using
computerized SPSS version 11 (13).

RESULTS
Effect of caffeine on body weight of rats:

Table (1) showed no significant differences in body
weight of rats before (0 time) and after treatment
with caffeine among groups in comparison with
control.

Table (1): The effect of caffeine on body weight of rats. N=6 (M * SD)

Group 0 Time /gm End time /gm
G1 Control 230.50+22.53 a 29475+53.77 a
G2 25mg/kg 23425+18.76 a 2997544173 a
G3 50mg/kg 232.50+16.58 a 297.50+8.10 a
G4 100mg/kg 2342542066 a 298504044 a
LSD 24.7 50.0

Values expressed in the small letters mean significant differences (P<0.05) level

Effect of caffeine on blood parameters:

Table (2) showed a significant (P<0.05) increase in
RBCs count and PLT count in caffeine treated group
50 mg/kg and 100 mg/kg in comparison to the
control group and 25 mg/kg caffeine treated group.

On the other hand, there is a significant (P<0.05)
increase in Hb concentration in high dose group
when compared to other study groups, while the
WBCs count are significantly (P<0.05) decreased in
all caffeine treated group in comparison with control

group.

Table (2): The effect of caffeine on blood parameters. N=6 (M= SD)

RBC HB WBC
oy *10Ccell/mm’® g/dl #10°cell/mm® o
G Control 5874051 b 12,60 +0.59 bo 10530758 43150 £ 48.55 b
G2 25mglks 62720.14b 13112045 751 £053b 43871228710
G3 S0mg/kg 6.58%0.24 a 13.66£0.38 b 696 £0.71b 56183 £49.55a
G4 100mg/kg 69620522 1468£090a 571 2049 be 5526625671 a
LSD 0,68 To1 125 1145

Values expressed in the small letters mean significant differences (P<0.05) level

Effect of caffeine on serum AST and ALT level:

Table (3) showed no significant differences in
serum AST level between caffeine treated groups
when compared to control group while there is a
significant (P<0.05) decrease in serum ALT level in
caffeine treated groups in comparison to control
group.

Effect of caffeine on serum urea and creatinine
level:

Table (4) showed a significant (P<0.05) decrease in
serum urea levels in all caffeine treated groups in
comparison to control group. On the other hands,
there is a significant (P<0.05) increase in serum
creatinine level in G4 and G3 group when compared
to G2 and control group.

Table (3): The effect of caffeine on serum AST and ALT level. N=6 (M + SD)

Group AST U/L ALT U/L
G1 Control 106.5£251 a 150258 a
G2 25mg/kg 95.75+£6.80a 725+150c¢
G3 50mg/kg 103.2+9.03 a 8.50+1.29¢
G4 100mg/kg 106.0+£6.37 a 11.5+3.00b
LSD 8.32 2.77

Values expressed in the small letters mean significant differences (P<0.05) level
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Table (4): The effect of caffeine on serum urea and creatinine level. N=6 (M = SD)
Group Urea mg/dL Creatinine mg/dL
G1 Control 31.7+£3.53 a 0.45+007 ¢
G2 25mg/kg 19.8+627b 0.44+0.05c
G3 50mg/kg 21.0£3.74b 0.49+0.04b
G4 100mg/kg 26.5+580b 0.61+0.09a
LSD 6.27 0.08

Values expressed in the small letters mean significant differences (P<0.05) level

Effect of caffeine on serum testosterone and
testes weight:

Table (5) showed a significant (P<0.05) increase in
serum testosterone level in all caffeine treated
groups in comparison to control group while there is
no significant differences in the weight of testes
between catfeine treated groups and control group.

Effect of caffeine on sperm characteristics:

Table (6) showed a significant (P<0.05) decrease in
sperm count, sperm motility and sperm normality in
100mg/kg and 50mg/kg caffeine group in
comparison to control and 25mg/kg caffeine treated
group. On the other hands, the table also showed a
significant (P<0.05) increase in sperm abnormality
in 100mg/kg and 50mg/kg caffeine group in
comparison to control and 25mg/kg caffeine treated
group.

Table (5): The effect of caffeine on testes weight and serum testosterone level. N=6 (M + SD)

Group Testes weight/ gm Testosterone/ ng/ml
G1 Control 1.22+020a 0.66+0.04d
G2 25mg/kg 122+£022a 1.06 £ 0.00 ¢
G3 50mg/kg 1.25+0.26 a 349+0.20b
G4 100mg/kg 1.32+0.09a 543+0.17a
LSD 0.24 0.16

Values expressed in the small letters mean significant differences (P<0.05) level

Table (6): The effect of caffeine on sperm properties. N=6 (M =+ SD)

Sperm count Sperm motili Sperm normal Sperm abnormal
Troup p*lo“/pL X % - : % 5 %
G1 Control 5549+264a 95.0+0.81a 90.0+£0.00 a 10.0+0.00 ¢
G2 25mg/kg 5446+1.80a 93.75+1.25a 90.0£0.00 a 10.0£0.00 ¢
G3 50mg/kg 4844+220b 62.5+288b 87.5+2.88b 12.5+2.88b
G4 100mg/kg 47.83+187b 30.0+0.00 ¢ 50.0£0.00 ¢ 50.0£0.00 a
LSD 2.70 2.04 1.81 1.81

Values expressed in the small letters mean significant differences (P<0.05) level

Histopathological study

Testes: Testes of control rats showed normal
seminiferous tubules and normal spermatogenesis,
the treated groups showed different degree of
suppression of spermatogenesis which increase with
high dose of caffeine administered as shown in
figure (1).

Kidney: Kidney histopathological study of control
group showed normal glomeruli and normal cortical
tubules and the caffeine groups showed a little effect
on kidney tissue presented as vacuolation of
glomeruli as shown in figure (2).

Liver: There is no pathological changes in healthy
control liver tissue of control groups showed a

normal lobular hepatic architecture with central
vein, while the treated groups showed mild changes
in liver presenting as bile duct proliferation, central
vein dilatation and vacuolation of hepatocytes that
observed in high dose caffeine group as shown in
figure (3).

Heart: Histopathological study of control group
showed normal myocardial muscle cells. Caffeine
treated groups showed vacuolation of myocytes,
congestion of blood vessels and degeneration of
cardiac muscle cells that noted in high dose caffeine
group as shown in figure (4).
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Figure (1): Testes of rat (A) control group showed normal spermatogenesis in seminiferous tubules. (B) 25mg/kg caffeine
showed little effect on spermatogenesis. (C) 50mg/kg caffeine showed moderate suppression of spermatogenesis and
vacuolation of primary spermatocytes. (D) 100mg/kg caffeine showed marked suppression of spermatogenesis,
vacuolation of spermatogonia and primary spermatocytes. H&E stain 200X



International Journal for Sci and Technology Vol. 14, No.2, June 2019 20

,4!\-“ ¥ ‘, & w J !
”‘;‘ ’,' :

'@ P B
ST B)
%\ \.' Y : M

“. . S Al

&
-

i'
S §5.00 '«c' i
wi¢ LANE TRTACRL e o
‘ \ . . ﬁw : {.: "_“‘ !“‘ .~
,p.‘ : q‘.. !

o%’ég :
j& ((\)n

I

Figure (2): Kidney of rat (A) control group showed normal glomeruli and cortical tubules. (B) 25mg/kg caffeine sh d atrophy of gl uli in some
field. (C) 50mg/kg caffeine sk d a slight lation of glomeruli. (D) 100mg/kg caffeine showed vacuolation of glomeruli. H&E stain 200X.

Figure (3): Liver of rat (A) control group showed normal llepatocytes arclmecture (B) 25mg/kg caffeine showed dilation of central vein
and bile duct proliferation. (C) 50mg/kg caffeine showed slight |} of hep ytes, bile duct proliferation and aggregation of
inflammatory cells. (D) 100mg/kg caffeine sh d marked lation of hep ytes nnd gestion of portal vein. H&E stain 200X.
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Figure (4): Heart of rat (A) control group showed normal myocardial muscle cells. (B) 25mg/kg caffeine showed
vacuolation of some myocardial muscle cells. (C) 50mg/kg caffeine showed vacuolation of myocardial muscle cells and
congestion of blood vessels. (D) 100mg/kg caffeine showed degeneration of myocardial muscle cells somewhat grayish in
color. H&E stain 200X.

DISCUSSION

This study revealed the effect of caffeine therapeutic
doses on male rat testes, kidneys, livers and hearts.
Results showed no significant differences in body
weight between treated and non-treated rats, similar
findings were reported previously by others (16-18),
while Shirali et.al. reported an increase in body
weight of rat treated with caffeine (19). This may be
related to the synergism effect of caffeine and
carnitine.

The current study showed that the blood parameters
monitored an increase in RBCs, Hb and PLT level,
on the other hand, a decrease in WBCs level. These
results are in consistent with (20), giving the reasons
that may be related to the effect of raised
testosterone which increases the body mass which
associated with increase oxygen demands that lead
to increase level of RBC that are provided by
erythropoietin hormone, while another group of
researchers had another findings (16, 21,22). The
differences may be related to higher therapeutic
dose of caffeine used by others.

Caffeine is metabolized in liver cells. Results
showed no changes in AST and ALT levels in
caffeine groups. This may be linked to use of
therapeutic doses of caffeine that are overcome by
hepatocyte with no severe changes. this finding was

confirmed by histopathological examination of liver
tissue, which included bile duct proliferation, a
slight vacuolation of hepatocytes (figure 3), since
the effect of therapeutic dose was the goal of this
study. These findings were in agreement with
(23,24) and disagreed with other findings
(20,25,26). The differences may be related to higher
dose administration of caffeine and its long
duration.

Results revealed a decrease in urea level and
increase in creatinine level, which may be due to
diuretic effect produced by caffeine on kidney cells,
while increase activity of muscle cells stimulated by
caffeine lead to increase creatinine concentration
and not due to kidney damage, although higher
doses administration may result in kidney damage.
These findings were confirmed by histopathological
evaluation, which showed only a slight atrophy of
some glomeruli of kidney (figure 2). This result
wasn’t in line with (16) who reported that caffeine
administration caused increase urea and creatinine
levels due to higher doses of caffeine used.

Several clinical and animal studies had mentioned
that caffeine use caused serum testosterone
elevation in adult human and adult animals (27,28).
This result was in line with the results obtained by
the current study and is also in agreement with Park
etal. and Joshua et.al (29,30). This elevation of
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testosterone may be related to increase activity of
leydig cells by caffeine administration. However,
this result was not in line with (31) due to immature
rat used in the study. On the other hands, no effect
of caffeine on rat testes weight were observed in this
study as reported also by others (29,32-34). Results
also indicated a decrease in sperm count, motility
and sperm normality may be related to the effect of
caffeine on spermatogenesis and sperm germinal
cells this result is in line with (30), this result is
supported by histopathology of testes (figure 1), that
revealed a different degree of suppression of
spermatogenesis in rat treated by caffeine depending
on dose manner, this result is in agreement with
(35).

Caffeine causes stimulation of nervous system that
leads to increase activity of body tissues (8). In the
current study heart tissue showed a vacuolation of
cardiac muscle cells (figure 4), but with high doses
cardiac muscles degenerated as reported by
Happonen et.al. (36). This result may be linked to
the effect of caffeine by rising level of cortisol and
epinephrine which affect heart tissue cells (37,38).

CONCLUSION

The current study determined that high doses
caffeine may have a deleterious effect on some
organs and biochemical parameters and further
studies also are required to determine the
relationship between caffeine and endocrine organs.
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