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Abstract

Extensive use or misuse of antibiotic and analgesic may lead to hematological changes. This study characterized the hematological changes associated
with chronic gavage of Amoxicillin and Paracetamol in rabbits.

Amoxicillin, Paracetamol and their combination were dissolved in distilled water and given a rate of (0 mg/kg), (8 mg/kg), (24 mg/kg) and (4 mg/kg+12
mg/kg) to four groups of rabbits (control, amoxicillin, paracetamol and mixture group) respectively for 2 weeks period followed by 6 weeks relaxation
period. Then rabbits were authenticated and sacrificed, blood samples were collected in EDTA-containing tubes and analyzed for complete blood counts
using the standard blood analysis method.

Results showed significant increase in white blood cell (WBC) count only in paracetamol treatment. Furthermore, significant increases in hemoglobin
(HGB), hematocrit (HCT) were observed in all treatments, whereas platelet (PLT) levels significantly increased in amoxicillin and paracetamol treatments
and reduced in mixture treatment. In conclusion, the tested compounds significantly changed blood parameters suggesting potential hematotoxicity due

to use of amoxicillin, paracetamol or their combination.
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Introduction

Misuse of amoxicillin (an antibiotic) and paracetamol (an
analgesic) may become one of the most difficult problems facing the
health sector, which must have a quick and effective solution.

Antibiotic are specific chemicals that kill, slow or stop bacterial
growth, they are commonly used by physicians to treat bacterial
infections. Amoxicillin was first produced in UK in 1970 and used
as antibacterial infections for gram positive bacteria [1]. It has a wide
spread application for medical treatments [2]. It may cause liver injury
[3,4], health risks due to its side effect to many organisms including
fish [5,6].

Paracetamol/acetaminophen is one of the most widely used
analgesics, clinical studies indicated many side effects [6]. So far,
paracetamol or its metabolites may cause severe hepatic failure [7-9],
acute live injury and cell death [10,11], inhibition of excessive amount
of N-acetyl-p-benzoquinone imine formation [12], binding quinone
reductase 2 in the kidney and liver [13] kidney damage [14] and
inhibition of mitochondrial respiration [15].

Hematological changes associated with amoxicillin, paracetamol
or their combinations among human beings are not fully understood,
a gap of information is still missing. The authors designed this study to
measure the hematological changes associated with use of amoxicillin,
paracetamol and their mixture on rabbits. Rabbits were chosen as
experimental animals because they are big enough, and have similar
physiology to human beings [16].
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Amoxicillin

Amoxicillin is a (2S,5R,6R)-6-[[(2R)-2-Amino-2-(4-
hydroxyphenyl)acetyl]amino]-3,3-dimethyl-70xo0-4-thia-1-aza-
bicyclo[3.2.0]heptane-2-carboxylic acid, semi-synthetic, acid stable
drug belongs to a class of antibiotics called the Penicillins (B-lactam

antibiotics).
Materials and Methods

Chemicals

Amoxicillin and Paracetamol (purity 99%) were obtained from
Middle East Pharmaceutical and cosmetics laboratories Co .LTD. All
other chemicals used in the experiment were purchased from standard
commercial suppliers.

Experimental Animals

Adult male rabbits were purchased from locally certified farms.
They were housed in a suitable room equipped with air conditioning
according to US-EPA 2004 for a period of two weeks initially to
acclimate to insure a stable experimental condition. The rabbits were
properly maintained according to the principles and guidelines issued
by the Ministry of Agriculture in Gaza And US-EPA2004 for animal
care, rabbits were individually placed in appropriate steel cages at
22-26°C, 40-70% humidity and a clean environment with a light/12
hour cycle. A suitable diet of balanced feed and clean water has been
provided for the duration of the total experiment.
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Preparation of Amoxicillin and Paracetamol Solution

One gram (1000 mg) of Amoxicillin was dissolved in 100 ml of
distilled water and1000 mg of Paracetamol was dissolved in 100 ml of
distilled water under magnetic steering to ensure complete solubility
of drugs . This was visualized by clean solution of water.

Experimental Design

Rabbits were randomly subdivided into four groups five rabbits
each group, and monitored during 10 weeks, study period, (2
weeks of acclimatization +2 weeks of treatment +6 weeks without
treatment). After acclimatization period, rabbits received the
following treatments:

Group 1: Each rabbit received by oral administration amoxicillin
at a rate of 8 mg/kg BW for 14 days; Group 2: Each rabbit received by
oral administration paracetamol dose at a rate of 24 mg/kg BW for 14
days; Group 3: Each rabbit received by oral administration a mixture
of Amoxicillin and paracetamol at a rate of 4 mg/kg BW+12 mg/kg
BW for 14 days; and Group 4: control group, each rabbit received by
oral administration 1 ml distilled water/rabbit for 14 day. Photo 1
shows the gavage process of the tested compounds.

Collection of Blood Samples

At the end of the experimental period (10 weeks) rabbits were
authenticated to for blood sample collections via cardiac puncture
into sterile tubes containing EDTA to prevent blood clotting, then
analyzed for CBC using standard method and previously described
[17].

Statistical Analysis

Average and standard deviation were calculated. Analysis of
Variances (ANOVA) was employed to detect significant differences
among treatments at p-value 0.05. p-value < 0.05 indicates
significant differences among treatments whereas values > 0.05 are
not significant.

Photo 1: Oral administration of the tested compounds on rabbits
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Results

Effects on the Blood

Effects of the tested compounds on white blood cells (WBC) are
shown in Figure 1.

It can be seen that concentration of WBC was increased in the
treated rabbits above that of the control group. Statistical analysis
detected significant differences only in paracetamol treatment.

Effects on blood lymph (LYM) are shown in Figure 2.

Similarly, to the effects on WBC (Figure 2) increased levels of LYM
were observed in rabbits treated with the tested compounds but statistical
analysis did not detect significant differences among treatments.
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Figure 1: Chemical structure of amoxicillin and paracetamol.
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Figure 2: Concentrations of WBC in rabbit treated with Amoxicillin, Paracetamol, and
their mixture. Error bars represent standard deviation. Columns have the same letter are
not significantly different at p < 0.05.
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Figure 3: Concentrations of LYM in rabbit treated with Amoxicillin, Paracetamol, and
Their mixture. Error bars represent standard deviation.

Columns have the same letter are not significantly different at p < 0.05.
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Effects of the tested compounds on red blood cells are shown in
Figure 4. Similarly, to the effects on lymph, increased level of red blood
cells were observed in the treated rabbits but no significant differences
were detected.

Effects of the tested compounds on the blood hemoglbine (HGB)
are shown in Figure 5. Increased levels of HGB were observed in the
treated rabbits. Satstical analysis detected significant difference among
all treatment. this suggests an occurrence different biochemical
reactions between HGB and the tested compounds.

Effects of the tested compounds on hematocreate (HCT) are
shown in Figure 6. Similarly to the above effects, increased level of
HCT were found in the treated rabbits but statistical differences were
detected only in Amoxicillin and mixture treatments.

Effects of the tested compounds on the platlets (PLT) are shown
in Figure 7. Similarly to the above effects, increased level of PLT were
found in the treated rabbits. Statistical analysis detected significan
differences.

The concentration of WBC and PLT in rabbits blood treated with
Paracetamol were the highest among all treatments then Amoxicillin,
whereas the concentration in rabbits treated with Mixture were lower
than those of the control samples.
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Figure 4: Concentrations of RBC in rabbit treated with Amoxicillin, Paracetamol, and
Their mixture. Error bars represent standard deviation.

Columns have the same letter are not significantly different at p < 0.05.
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Figure 5: Concentrations of HGB in rabbit treated with Amoxicillin, Paracetamol, and
Their mixture. Error bars represent standard deviation.

Columns have the same letter are not significantly different at p < 0.05.
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Figure 6: Concentrations of HCT in rabbit treated with Amoxicillin, Paracetamol, and
Their mixture. Error bars represent standard deviation.

Columns have the same letter are not significantly different at p < 0.05.
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Figure 7: Concentrations of PLT in rabbit treated with Amoxicillin, Paracetamol, and
Their mixture .Error bars represent standard deviation.

Columns have the same letter are not significantly different at p < 0.05.

Discussion

Amoxicillin used as an antibiotic against bacteria [18] whereas
paracetamol used as an analgesic for many diseases. There usage was
associated with many complications as mentioned above. Furthermore,
their chemical structure (Figure 1) shows the presence of highly water
soluble groups such as (OH; C=0) which facilitate interaction and
movement of the compounds in aqueous phase such as blood system.
Additionally, the chemical structure includes phenyl ring which may
enable covalent bonding with liver, kidney, and/or other tissue causing
induced injury, in accordance with Lee et al. [19] who revealed similar
phenomenon with other cases. Photo 1 show the oral gavage process of
the tested compounds. The data in Figure 2, clearly demonstrates the
effects of tested compounds on WBC. It can be seen that Amoxicillin
and paracetamol increased WBC above that of the control, whereas
the combination reduced the values. This suggests that treatments with
Amoxicillin and paracetamol enhance the immune system to produce
more WBC to defend the body from amoxicillin and paracetamol.
Thus an increase of WBC cell would have occurred to enrich the body
with the required level of WBC to insure health body. Our explanation
agree with Diaz et al., [20] and Zarkesh et al., [16] who revealed the
importance of WBC count on blood levels as long as the body exposed
to bacterial infections and/or toxic chemicals [21,22].
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On the other hand, the combination of the compounds did not
increase the WBC. This suggests that the amoxicillin and paracetamol
may antagonize each other in the combination accordingly no increase
in WBC was observed (Figure 2). Furthermore, it can be suggested
that application of the compounds in combination may provide a
protection against possible injury. This suggestion is in agreement
with [9] who revealed the activity of chiisanoside against liver injury
induced by paracetamol in mice.

Nevertheless, the data in Figure 3, clearly shows increased levels
of LYM but they remained insignificant with the control sample.
This suggests that LYM does not involve in the immune system in
the body. Similarly, no significant effects on RBC (Figure 4). This
indicates that RBC is not involved in the immune system. On the
other hands, HGB levels (Figure 5) are significantly increased in the
treated rabbits. This suggests that HGB is involved in the defense
systems throughout antibody antigen reactions. Our results are in
accordance with El Menyiy et al. [23] and Biu et al. [24] who found
that paracetamol significantly increased hemoglobin and platelet
count as compared to the control group. An explanation of these
results is that amoxicillin and paracetamol caused a dehydration
process to the tested animal (data not shown) which may result in a
hem concentration. Additionally, it can be suggested that paracetamol
and/or amoxicillin can directly interact with blood system to further
enhance the production of hemoglobin. Furthermore, it was reported
that Paracetamol bond quinone reductase 2 in liver and kidney which
modulated reactive oxygen species generation. This may further
enhance the toxicity of paracetamol via quinone reductase 2 mediated
superoxide production [13].

So far, lack of hemoglobin due to paracetamol or amoxicillin
exposure may enhance the body to produce more hemoglobin to
compensate the losses consequently an increase in hemoglobin
level may be observed. Furthermore, the tested compound may
cause hematotoxicity by restoring almost normal counts of the
hematological parameters through oxidative stress. Our explanation
agrees with Oyedeji et al. [25] who report oxidative stress in rat
experiments. Influence of the tested compounds on HCT (Figure
6) showed significant increase in the treatment of Amoxicillin and
mixture. The explanation on these results is similar to that given
above for HGB. On the other hands significant increases in PLT levels
(Figure 7) were observed in all treatments. An explanation of these
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results is that the tested compounds directly interact with PLT counts
resulting in either activation as in amoxicillin and paracetamol or
aggregation phenomenon as in mixture. Thus PLT tends to increase
or decrease (Figure 7). Our explanation is in accordance with Siauw et
al. [26] who provided evidence of the direct involvement of platelets
with bacterial toxins.

Mode of Interactions

It can be suggested that amoxicillin and/or paracetamol be
oxidized by dehydrogenase enzymes in human or animal body
producing oxygen reactive species (ORS) as shown in Figure 8. Then
these ORS react with blood systems resulting in elevation of HGB,
HCT, and PLT in case of amoxicillin and WBC and PLT in case of
paracetamol.

Moreover, the antagonistic effects of amoxicillin and paracetamol
in the combination may result from the fact that both molecules
have some similarity in the chemical structure such as phenyl ring,
C=0, NH2, CH3, OH,. This similarity enhance hydrogen bonding,
hydrophobic interactions and possible covalent bonding between
both molecule resulting in a larger size molecule than parent ones
(paracetamol, amoxicillin). This molecule can move freely in the
human body and may not be able to be oxidized by dehydrogenases
consequently no ORS were produced. Accordingly, WBC, HGB, LPT
HCT contents remained in the acceptable range. This explanation is
in accordance with El-Nahhal [27] who revealed hydrogen bonding
and hydrophobic interactions between an organic molecules and
acetylcholine esterase in human blood. Furthermore, previous reports
[28,29] revealed the solubility of similar organic molecules to each
other in aqueous solution. Similar observations were recently reported
with other cases [30-34]. Additionally, our results are in accordance
with Mwafy and Afana who revealed changes in hematological
parameters, serum iron and vitamin B12 levels in hospitalized
Palestinian adult patients treated with amoxicillin.

Conclusion

The rational of this work emerged from the fact that paracetamol
and amoxicillin are widely used pharmaceuticals and their
hematological effects are poorly investigated. Elevation of WBC,
HGB, LPT HCT levels in treated rabbits were significantly increased
indicating high potential of hematological changes. Amoxicillin has
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Figure 8: Possible mode of action of amoxicillin (A) and paracetamol (B) on blood systems after oxidation by dehydrogenase enzyme.
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a tremendous effect on blood components more that paracetamol

has. Combination of both molecules did not produce significant

changes on blood parameters indicating a possible protection to blood

components. An interesting outcome of the study is that combination

of both molecules can be a safe administration for this case.
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