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Abstract: This study was carried out to determine the changes of Cu, Zn, Fe, Ca, Mg, K and Na levels in liver
during treatment of oral ampicillin in mice. The investigation was supported by serum ALT and AST enzyme
activities, serumn Total Protein (TP), Albumin (ALB), Globulin (GLB) levels determimations. Twenty one male
Swiss albino mice (weighing 28.36+2.33 g, aged 4 months) were used for this study. The standard commercial
diet was given to all groups. Fist group (A) were used control and took only tap water. Other groups
were received water with ampicillin. Dose of ampicillin for second (B) and third (C) groups were as follows;
8 and 40 mg/1 00 mL m dnnking water. Dry ashing method and Flame Atomic Absorption Spectrometer (FAAS)
were used for determination of minerals. Statistically sigmficant merease (mmimum p<0.05) for Cu, Ca and
Na and decrease for K were observed. Significant positive correlation between Cu-Ca, Cu-Na, Zn-Mg, Ca-Na,
Mg-K (minimum r = 0.450, p<0.05) and negative correlation between Cu-K (r =0.456, p<0.05) were
observed. There was a significant difference in AST levels of groups (p<<0.001) but not other serum
parameters of ALT, TP, ALB and GLB. These results indicate that oral ampicillin treatment affect liver Cu, Ca,
Na and K levels. Therefore, this fluctuation must be considered on ampicillin applications during antimicrobial

therapy.
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INTRODUCTION

Mineral elements are not synthesized by living
organism thus must be taken externally. Minerals mainly
strtuctural  components of body organs and
tissues and catalyses enzyme and hormone system

act as

(McDowell, 1992) and the main storage site 1s liver.
Mineral content of liver gives precious overview of body
mineral conditions (Radostits ef ai., 2000).

Thim and Friedman (2003) reported that antimicrobial
agents such as amoxicillin-clavulanate, sulfamethoxazole/
trimethoprim, minocycline, nitrofurantom may be
damage. TInvestigations has
already reported that amoxicillin use caused liver
damage (Cundiff and JToe, 2007, 2004; Endo et al, 2002;
Ersoz et al., 2001; Sontag et al., 2001). Ampicillin is a
aminopenisilin group antibiotic, like amoxicillin and widely
used for therapy of bacterial infections (Cai et al, 2009,
Koluman et af., 2009, Sagoo et al., 2009). Following oral
admimstration ampicillin 13 mainly deposited in liver and
may cause liver dysfunction (Huber, 1988). However,
there 13 limited information about liver mjuy and its

associated with liver

mineral content. Whereas, it was reported that there were
some fluctuation on mineral contents of liver during liver
damage induced (Yiksek et al., 2003).

It was also reported that diarthea occurs in patients
received ampicillin (Bartlett, 1992, 2002; Beaugerie and
Petit, 2004, Moulina et al, 1995) and that diarrhea is
known to cause malabsorption due to inflammation stress.
Malabsorption may give rise to insufficient utilization of
minerals (Radostits ef al, 2000). Sunilarly, stress
assoclated with inflammation also causes mineral level
fluctuations in serum (Chirase ef al., 1991; Karademir,
2007, Orr et al., 1990). But no mvestigation has yet
disclosed the effect of inflammation stress on mineral
content of liver.

The aim of this study was to investigate the effect of
ampicillin on the status of mineral (Cu, Zn, Fe, Ca, Mg, K,
Na) content of liver.

MATERIALS AND METHODS

Animals and procedures: This study mvolved clinically
healthy 21 male Swiss albino mice, aged 4 months and
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Table 1: Food and water Cu, Zn, Fe, Ca, Mg, K and Na levels given to mice

Mineral content

Diets Cu Zn Fe Ca Mg K Na
Food (mg kg™! in DM) 11.700 109.370 452.910 2922930 2710.20 11328.20 5289.20
Water (mg L™!) 0.015 0.048 0.063 98.83 35.80 3.23 21.09
DM: Dry Matter
weighing 26.941.04 g. The animals were divided into three ~ Table 2: Ingredients of diet given to mice :
equal experimental groups. Admimstrations of treatment g"ﬁ cortrtfo(s(;l)on :;"ts
. matter (o
groups were as follows; Group A: received only tap water Czde protein (%) 17
as control, Group B: received ampicillin 8 mg in 100 mL tap Crude cellulose (%) 12
water and Group C: received ampicillin 40 mg in 100 m[, tap ~ Crudeash %0) 10
f dar Acid insoluble ash (%) 1
water for IQ VS, . . . Calcium (9%) 1s
The animals were fed with a commercial animal food. Phosphorus (26) 0.75
The food and water were given ad libitum before and NaCl (%) 0.6
. . . Vitamin A (U kg™) 5000
during the e).(perlment. Mineral content of food and wa.ter Vitamin D3 (IU ke") 500
was determined by Flame system Atomic Absorption  Vitamin E (mg kg™ 25
Metabolic energy (kcal kg™ 2600

Spectrometer (FAAS) (Thermo Elemental S4, Thermo
Electron Corporation, Cambridge, UK ) and the results are
shown in Table 1.

The commercial food was purchased from
Bayramoglu Yem ve Un San. Tic. A.S. ISO 9001: 2000,1S0
22000: 2005 and the composition is given in Table 2.

Blood and liver samples collections: Blood was collected
via cardiac puncture under the ether anesthesia. After
blood collections, the mice were scarified by atlanto-
occipital dislocation and livers were taken and frozen at
-20°C until analyses.

Laboratory analyses: Liver mineral content was measured
by FAAS. Serum was separated by centrifugation at
3500 rpm for 15 min and serum ALT and AST enzyme
activities, serum Total Protemn (TP) and Albumin (ALB)
levels were also determined spectrophotometrically using
commercial kits. Globulin (GLB) levels were obtained
calculations with the formula of TP - ALB = GLB.

In order to determine mineral levels approximately 2
g liver tissues were weight and dried in a drying oven at
135°C for 3 days. The dried liver tissues were again
weighted and noted. These samples were made ash with
a muffle fumace at 600°C for 6 h. Heating was made
gradually as 200-400-600°C. The ashed samples were
melted in 20% HC1 and complete to 10 mL with deionized
water. Liver minerals were measured from this solution
using different dilution rates by FAAS. Dilution liquids
were deionized water for Cu, Zn, Fe, K and Na and 0.1%
lantharmum (as chloride) (w v ") (Merck, 112219) for Ca
and Mg analyses.

Standard solutions for Cu, Zn, Ca, Mg, K and Na
supplied from Fluka Chemie GmbH, Switzerland (Fluka
61147, 96457, 21049, 63046, 60032 and 71173, respectively)
and for Fe Merck KgaA, Germany (119781).

Raw-materials for this composition: Barly, comn, corn chaff, corn glutein,
wheat, ryve, craft, cottonseed meal, sunflower meal, dicalcium phosphate,
vitamin, mineral

Control of accuracy of FAAS was performed using a
previously prepared known standard solution (Fluka and
Merck) for each mineral measurement.

These solutions were aspirated for 6 times per
10 samples during analyses. Coefficients of Variations
(CV) of these parameters were calculated from the
findings. CV results were as follows, Cu: 4.34%, Zn:
3.49%, Fe: 1.92%, Ca: 2.32%, Mg: 2.07%, K: 2.08% and Na:
1.41%. All lab-ware used were plastic material in the
laboratory.

Fecal consistency was scored as between 0-5: hard
solid, solid, slight solid, slight watery, moderately watery
and watery.

Statistical analysis: A one-way variance analysis was
made and Tukey test employed for the comparisons.
Pearson’s correlation test was used to determine the
relationships between mineral levels of the liver, drinking
water and feces consistency.

Statistical analyses were performed using Minitab
statistical software version 10.0 (Minitab, 1995). Data were
presented as means+SEM.

RESULTS

Mean values for serum ALT, AST enzyme activities
and Total Protem (TP), Albumm (ALB) and Globulin
(GLB) levels are summarized in Table 3.

Mean water consumption of the groups were
as follow; Group A: 57.0423 mL day™', Group B:
58.842.25mL day ' and Group C: 63.3+2.26 mL day . This
difference among groups was not statistically significant.
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Table 3: ALT and AST enzyme activities and serum TP, ALB and GLB levels according to groups with their statistical evaluations (meant8EM)

Groups ALT AST TP ALB GLB

A 59.9242.31 211.3£19.7 5.36+0.10 3.4940.06 1.87+0.08
B 70.59+7.06 454.1+47.3° 5.20+0.14 3.3440.08 1.86+0.08
C 97.6+18.7 682.2+84.8° 5414017 3.49+0.11 1.93+0.10
p-value 0.088 0.000 0.549 0.410 0.832

¢ Means with different superscript letters are statistically different in columns

Table 4: Liver mineral content of the experimental groups (mean+SEM). Values are as mg in 1000 g dry matter of liver tissues

Groups Cu Zn Fe Ca Mg K Na

A 14.59+0.96° 106.04+1.64 496.1+£56.2 20.43£1.16 787.5+22.6 10487+284° 2081+126°
B 18.07+0.84* 114.75+3.2 482.9+47.4 26.33+1.46" 817.3+23 10263£217 3413194
C 20.4440.43* 98.52+7.4 553.1+50.7 27.16+1.99* 756.3+25.6 91544345 3454+125
p-value 0.000 N8 N8 0.014 N8 0.009 0.018

e Means with different superscript letters are statistically different in columns

Table 5: Correlation coefficients (r) between liver minerals and their p-value

Mineral

contents  Cu Zn Fe Ca Mg K

n 0.104%3

Fe 0407 03119

Ca 0.537" 04224 0.250

Mg 0.065%5  0450" -0.010M 04221

K -0456"  0.265%  -0.281%  0.014%  0.730™

Na 0.505" 0.217%  0.253% 0.653"  0.322"  .0.201'"

H5: Not Significant, ": p<0.08, ™" p<0.01, ™" p<0.001

Ampicillin consumptions by the groups were as follow:
Group A: 0 mg/kg/day, Group B: 23.75+0.91 mg/kg/day
and Group C: 127.81+4.57 mg/kg/day.

Results of fecal consistency evaluation were as
follow: Group A: 0.0+0.00, Group B: 0.30+0.13 and Group
C: 1.352034. The value of Group C was statistically
different than other groups (p<0.05). There was no
correlation between water consumption and faces
consistency (r = 0.244, p=0.05).

Mean values of liver Cu, Zn, Fe, Ca, Mg, K and Na
contents are given in Table 4. Correlation between liver
mineral contents is given in Table 5.

DISCUSSION

Minerals are essential nutrients and must be taken
orally (McDowell, 1992). The liver mineral content gives
valuable information for body mineral status as blood
serum levels (Radostits ef al., 2000).

It 13 known that use of antibacterial agents may cause
liver damage (Cundiff and JToe, 2007; Endo et al., 2002;
Ersoz et al, 2001, Cundiff and Joe, 2004
Lamouliatte et al, 1998; Sontag et «l., 2001). Tt is also
known that there 13 a fluctuation in liver minerals content
when liver was injured (Yuksek et al, 2005). In this study,
serum ALT and AST enzyme activity and serum protein
measurements were carried out to determme any liver
damage. AST activities showed statistically significant
differences between groups (p = 0.000). There were

increase i1 AST and ALT activities m groups received
different doses of ampicillin but differences in ALT was
not statistically significant (p=0.05). This may be
reflecting no liver mjury as ALT enzyme activities levels
are more specific for liver injury than other parameters
including AST.

This may also, be supported by unchanged serum
protein level, which 1s expected to alter during liver myury.
This may indicate that liver damage was not evident or
this damage may be disregarded during ampicillin
application.

Oral ampicillin treatment has been reported to cause
diarrhea (Bartlett, 1992, 2002; Beaugerie and Petit, 2004,
Moulina et al, 1995) and increase in AST enzyme
activities as enteritis cause elevation of AST as in this
study. Increase in AST in this study may be explained by
enteritis as fecal comsistency score was higher in
treatment groups.

Although, liver injury was not detected by means of
ALT, AST enzyme activities, minerals content of liver
showed variation in this investigation. After the oral
administration, ampicillin is absorbed and distributed to
all part of the body. But, it is more intensive in liver
(Huber, 198%).
liver may not be by means of terference of ampicillin
or the inflammation stress of mild enteritis may be the
cause (Chirase et al., 1991; Karademir, 2007, Orr et al.,
1990).

In general, mineral levels of the present study and

Hence, the mineral fluctuation in

serum mineral content of studies where inflammation
induced stress was the cause (Chirase et al, 1991;
Cundiff and Joe, 2004, Orr et al., 1990) were similar, but
not differed from those of experimentally, induced
hepatitis (Yiksek ef al., 2005). The mmeral fluctuation in
this study may be due to either inflammation or interaction
between the minerals of concern as they are well known
to affect each other.
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CONCLUSION

Consequently, after the oral ampicillin application
some liver mineral content altered and the level of Cu, Ca
and Na increased, but K levels of liver decreased.
Fluctuations of these minerals levels may affect health
and related functions and these fluctuations must be
considered when ampicillin 1s used for therapy.
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