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ABSTRACT - PURPOSE. To determine the
pharmacokinetics of cefuroxime axetil in
malnourished rats using a diet with a restriction in
energy and nutrients (group M), a diet with a low
quality protein (group K) and a good quality diet
(group C) as a control. METHODS. The rats were
fed with the corresponding diet for 21 days, after
which a single oral dose of cefuroxime axetil
(equivalent to a 2.2 mg dose of cefuroxime) was
administered and plasma samples were taken at 0,
5, 10, 30, 45, 60, 90, 120, 180, 240, 300 and 360
minutes; samples were assayed using an HPLC
assay. Biochemical parameters were measured and
a microscopy study of the small intestine was
carried out. After a 21 day period of recovery of the
malnourished groups a second pharmacokinetic
study was performed using the same sample times
as those in the first study. RESULTS. In
malnourished animals of group K the levels of
plasma proteins were low and the concentrations of
fat in the liver were high. The relative
bioavailability of cefuroxime was 78.2% for group
M and 64.4% for group K. Groups M and K
presented lower values of area under the curve; this
means that the amount of antibiotic absorbed was
lower than that of group C. In the second
pharmacokinetic study although the animals
received a good quality diet, it was observed that
the area under the curve of group K was lower; the
relative bioavailability was 54.3%, while group M
had pharmacokinetic values similar to those of the
control group. CONCLUSIONS. The
pharmacokinetics of cefuroxime was affected by
malnutrition, suggesting that the absorption process
via the transporter was modified in the
malnourished groups, especially in the group fed
with low quality protein.

INTRODUCTION

Severe protein energy malnutrition in children can
be characterized by different syndromes known as
marasmus and  kwashiorkor. The  factors
determining whether kwashiorkor or marasmus
develops remain unknown. Among other causes,
diet has been proposed as a determinant factor for
the development of a specific type of malnutrition.
Kwashiorkor is related to the frequent use of diets
poor in protein or low in good quality protein
although rich in carbohydrates. Marasmus, on the
other hand, is related principally to an energy
deficit or to inadequate amounts of a good quality
diet (1,2). Other factors such as the adaptation of
the organism, for example, have been proposed as
determinants. Marasmus has been described as an
adaptation to a deficient energy and protein intake
and kwashiorkor is considered as a dysadaptation
(2,3). It would be helpful to establish if dietary
patterns could result in one of the two types of
malnutrition.

Some biochemical parameters have been
used to determine the presence of malnutrition.
When protein depletion becomes too severe, the
adaptive mechanisms fail and the concentration of
serum proteins, especially albumin, decreases. In
kwashiorkor, protein deficit is higher than it is in
marasmus, and for this reason, plasma proteins are
in lower concentrations in kwashiorkor (4, 5). On
the other hand, the presence of a fatty liver in
children with kwashiorkor has been found.
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This biochemical change in the liver is not observed
in marasmus and could be used to differentiate
between the two types of severe malnutrition (6).
Another characteristic of kwashiorkor is the
presence of edema. It has been proposed that a
decreased synthesis of plasma proteins in the liver,
particularly albumin, reduces intravascular oncotic
pressure. Plasma water decreases and accumulates
in extravascular tissues, thus contributing to the
appearance of edema.

It has been established that there is a close
relationship between malnutrition and infection.
Infectious diseases are major contributing and
precipitating factors in protein energy malnutrition
(7). The most common infections in malnourished
children are those of the upper and lower
respiratory tract, urinary tract infections, otitis and
shigellosis, amongst others (1, 8). For this reason, it
is necessary to use antibiotics for the treatment of
malnourished children. The initial phase of the
treatment, once a child is admitted to a hospital, is
the administration of antibiotics and the treatment
of electrolyte disturbances. The World Health
Organization (WHO) recommends that all children
with severe malnutrition receive parenteral
ampicillin and gentamicin (9). These antibiotics are
chosen because they are cheap and widely
available. However, it has been demonstrated that
some of the organisms related to the infections are
resistant to this antimicrobial regimen (10); for this
reason it may be necessary to use other types of
antibiotics. Considering that in malnutrition there
may be a great number of changes in
pharmacokinetic or pharmacodynamic processes of
xenobiotics (11-13), it is important to investigate
these changes for the proper treatment of patients in
order to reach appropriate concentrations of the
antibiotic in the organism and avoid toxic effects of
the drug.

The effects of malnutrition on drug
absorption are not well characterized in the
literature. For drugs that are taken via the oral route
it is necessary to consider that absorption can be
altered by malnutrition because of changes in the
small intestine of malnourished children, which is
the principal site of absorption. In the case of
kwashiorkor, it has been observed that the degree of
intestinal mucosa damage is an important
contributor to the poor response of antibiotics in
children. The changes produced in the small
intestine include the combination of an increased

capacity of permeation due to impaired barrier
function and a decrease of absorption of some
solutes owing to less absorptive surface area (14).
Severe mucosal injury is more common in
kwashiorkor, possibly due to the effect of protein
depletion on mucosal recovery (15).

An antibiotic that is commonly used in the
treatment of a variety of infections in children is
cefuroxime, which is a broad-spectrum, [-
lactamase-stable ~ cephalosporin. In  humans,
gastrointestinal absorption of cefuroxime is
negligible, whereas the acetoxyethyl ester of
cefuroxime (cefuroxime axetil), an oral prodrug,
shows bioavailability of 30 to 40% when taken
before eating and 50 to 60% when taken after food.
This prodrug is the form that has been used in
children most frequently (16-18). Following
absorption from the gastrointestinal tract,
cefuroxime axetil is rapidly hydrolyzed by non-
specific blood esterases into cefuroxime and
acetaldehyde. It has been found that prior to
absorption cefuroxime axetil can be hydrolyzed in
the intestinal mucosa to the non absorbable
cefuroxime, this hydrolysis being proposed as one
of the causes of incomplete bioavailability of the
prodrug (19-22).

There are no reports on the effects of
malnutrition on the pharmacokinetics of cefuroxime
axetil in the published literature. This study,
therefore, describes the effects of two types of
malnutrition models similar to marasmus and
kwashiorkor on the pharmacokinetics of cefuroxime
axetil.

MATERIALS AND METHODS

Chemicals. Cefuroxime and cefuroxime axetil were
provided by Kendrick Laboratories (Mexico City,
Mexico). Acetonitrile and methanol were HPLC
grade and were purchased from J.T. Baker
(Philipsburg, NJ, USA). Bovine serum albumin and
Folin reagent were purchased from Sigma-Aldrich
(St. Louis, MO, USA), and chloroform, NaH,POy,,
Na,HPO,, HCI, NaCl were of analytical grade.

Diets. In the present study two different diets were
used in order to generate malnutrition types similar
to marasmus and kwashiorkor.

The diets were prepared in powder form,
and the protein sources used were casein, maize
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flour, powdered milk and gelatin with appropriate
additions of vitamin and mineral mixtures. The
composition of the diets is shown in Table 1. Diet 1
was of good quality with sufficient amounts of
energy and nutrients. A mixture of milk and casein
was used to provide a good quality protein. Diet 2
consisted of a cereal as the principal source of
proteins and carbohydrates. These type of diets
(based on cereals) usually have a low or similar
protein content as good quality diets, but the quality
of the protein is frequently low. The protein mixture
used for diet 2 was made with maize flour, having a
low content of tryptophan, which makes this protein
of low quality. In order to increase the protein
content in the diet, gelatin (which has also a deficit
in tryptophan) was used in the mixture. The protein
content of diet 1 was 150g/kg with an energy
content of 17.7 MJ/kg (good quality diet used for
the control group) while for diet 2 the protein
content was 130g/kg and the energy content was
17.3 MlJ/kg (protein deficient diet). The total
content of carbohydrates and lipids was the same
for both diets (590g/kg and 140g/kg, respectively).

Table 1. Composition of the diets

To adjust these contents, the composition of protein
sources in diet 2 was considered, and dextrins,
sucrose, dextrose as well as vegetable oil and lard
were added in order to adjust carbohydrate and lipid
content, respectively. The protein, fat, carbohydrate
and fiber contents were determined using the
AOAC analytical techniques (23).

Animals. The study protocol complied with the
“Guide to the Care and Use of Experimental
Animal Care” and was approved by the Animal
Ethics Committee of the Universidad Nacional
Auténoma de México (UNAM). Newly weaned 21
days old male Sprague-Dawley rats (Harlan,
Mexico City, Mexico) weighing 35-40 g were used.

A total of 138 rats were divided into three
treatment groups of 46 rats each (ten animals were
used for the biochemical determinations and for the
microscopy study, while the rest of the animals
were used for the pharmacokinetic studies). The
groups formed were: group C (control group),
group M (malnutrition type similar to marasmus),

Ingredients (g/kg) Diet 1 Diet 2
Casein (89.19% crude protein) 84.3 -
Powdered milk' 285.2 49.7
Maize flour? 641.8
Gelatin® - 56.7
Sucrose 159.6 35.8
Dextrose 181.4 39.8
Dextrinized maize starch®* 137.8 30.9
Lard 36.4 57.7
Maize oil 27.3 42.8
Cellulose 459 -
Vitamin mix’ 20.0 20.0
Roger-Harper mineral mix® 22.1 24.8
Total protein content (g/kg) 150.0 130.0
Energy MJ/kg 17.7 17.3

' Nido®, *Maseca®, * Knox®, *Maizena®, *ICN Pharmaceutical 904654, Cleveland, vitamin mix (g kg'1
mixture): vitamin A acetate 1.8, vitamin D, 0.125 , DL-a-tocopherol acetate 22.0, ascorbic acid 45.0, inositol
5.0, choline chloride 75, menadione 2.25, p-aminobenzoic acid 5.0, niacin 4.25, riboflavin 1.0, pyridoxine
hydrochloride 1.0, thiamine hydrochloride 1.0, calcium pantothenate 3.0, biotin0.02, folic acid 0.09, vitamin
By 0.00135; °ICN Pharmaceutical 902842, Cleveland, mineral mix (g kg™ mixture): Ammonium molybdate
0.03, calcium carbonate 292.9, calcium phosphate.dibasic 2H,O 4.3, cupric sulfate 1.56, ferric citrate (16-
17% Fe) 6.23, magnesium sulfate.7H,O 99.8, manganese sulfate.H,O 1.21, potassium iodide 0.005,
potassium phosphate 343.1, sodium chloride 250.6, sodium selenite 0.02, zinc chloride 0.02.
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and group K (malnutrition type similar to
kwashiorkor). Groups C and K were fed ad libitum
with diets 1 and 2, respectively. Group M was fed
with diet 1, receiving 70% of the amount of diet
consumed by group C; for this dietary regimen, in a
previous study the amount of diet consumed per
gram of body weight by the control group was
determined and animals of group M received 70%
of that amount (with respect to corporal weight).

The animals were housed in a rack with
individual stainless steel cages under standard
animal room  conditions  (19-22°C  room
temperature, 31-60% relative humidity, and 12-h
light/dark cycle). Animals of groups C and K were
allowed free access to diet and the three groups
received drinking-water ad libitum. The dietary
regimen was maintained for 3 weeks, and the body
weight of the animals was monitored periodically
during this period of time, after which 10 rats of
each group were sacrificed to evaluate the
biochemical parameters, the rest of the animals (36
rats of each group) being used for the
pharmacokinetics studies. In order to evaluate the
models, the body weight of the animals was used as
an index of malnutrition.

Biochemical parameters evaluation. At the end of
the 3 week period, ten animals of each group were
sacrificed, and the following biochemical
parameters were evaluated:

Protein content. Plasma, liver and proximal
segment of the small intestine protein content were
measured using a modified Lowry method (24).

Total plasma protein content. Blood was taken in
centrifuge tubes with sodium citrate (0.1 mL per
each mL of blood) and centrifuged at 1600g for 15
minutes to separate plasma; then the protein content
was measured.

Liver content of fat. The liver was removed and
weighed. The organ was finely minced and
homogenized using a glass homogenizer equipped
with a glass pestle, adding 4 mL of 0.02 M
phosphate buffer per each gram of liver and
adjusting the pH to 6 with HCl 0.1 N. The fat
content was determined using the Folch method
(25).

Esterase activity determination. The intestine was
rinsed with isotonic saline solution and opened
longitudinally. The intestinal mucosa of the
proximal segment of the intestine was scraped using
a glass microscope slide and the mucosa was
weighed and homogenized with isotonic saline
solution 1:4 (w/v). Each mixture was then
homogenized using a glass homogenizer, and stored
at —50°C until use. Protein content was measured,
the enzymatic activity being determined by a
previously reported method (20).

Microscopy study. This study was performed in
the Instituto de Fisiologia Celular of the UNAM.
One animal of each group was sacrificed, and
samples of the proximal segment of the intestine
were obtained and immediately fixed in 4%
glutaraldehyde solution for subsequent investigation
by transmission electron microscopy.

Pharmacokinetic studies. Two pharmacokinetic
studies were performed.

Study I. After the dietary regimen of three weeks,
the first pharmacokinetic study was performed. The
animals were fasted overnight and received 1.3 mL
of a 2 mg/mL solution of cefuroxime axetil (dose
equivalent to 2.2 mg cefuroxime) via oral intubation
using a stainless steel ball-tipped gavage needle
attached to an appropriate syringe. Rats were
anaesthetized and blood samples (1 mL of blood per
animal) were taken via orbital sinus puncture at: 0,
5, 10, 30, 45, 60, 90, 120, 180, 240, 300 and 360
minutes after the administration (n = 3 per sample
time). The blood was centrifuged at 1600g for 15
minutes and the plasma samples were stored at —50
+ 3 °C until use.

Study Il. In order to determine if a three week
recovery period had an influence on the
pharmacokinetics of cefuroxime, groups M and K
were fed ad libitum using the same diet as that for
group C. The feeding was maintained for 21 days,
at the end of which the second pharmacokinetic
study was performed using the same scheme as in
period L.

Analytical procedure for the determination of
plasma cefuroxime content. Cefuroxime was
assayed using a  high-performance liquid
chromatography (HPLC) assay with a solid phase
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extraction technique for sample preparation. For
validation of the method, sodium cefuroxime was
used. Briefly, solid phase extraction cartridges
(OASIS HLB 30 mg, Waters Corporation, MA,
USA) were conditioned with 1 mL of methanol and
equilibrated with 1 mL of water, then 0.5 mL of
plasma sample was added. The cartridge was
washed with 1 mL of 5% methanol in water (v/v),
and cefuroxime was eluted with 1 mL of methanol.
The solution was evaporated to dryness and re-
dissolved in 0.5 mL of mobile phase; then 50 pL
was injected into the chromatographic system.
Analysis was performed on a reverse phase column
(Symmetry C-18, 5 um, 4.6 x 150 mm, Waters
Corporation, MA, USA) using a flow rate of 1.5
mL/min with acetonitrile and 0.05 M sodium
dihydrogen phosphate buffer (pH 3), 13:87 (v/v) as
a mobile phase. The analytical chromatographic
system consisted of an Agilent 1100 (Agilent
Technologies Inc., CA, USA) chromatograph with a
quaternary pump, an automatic injector with a 100
puL loop and a diode array detector set at a
wavelength of 280 nm. The method was linear over
the range of 0.25-10 ug/mL. Intra-day coefficient of
variation (CV%) ranged from 0.32 to 1.62% and
inter-day CV ranged from 9.1 to 12.0%. The
recovery was found to be in the range of 86 to 91%.
The limit of quantification was 0.25 pg/mL.

Pharmacokinetic ~ analysis.  Pharmacokinetic
parameters were determined by a non
compartmental model using a WinNonLin 4.0
program (Pharsight, Mountain View, CA, USA).
The pharmacokinetic parameters evaluated were:
the maximum plasma concentration of the antibiotic
(Cmax), the area under the plasma concentration
versus time curve from 0 to the last measured
concentration (AUC), the area under the plasma
concentration versus time from 0 to infinity (AUC,
1 =), the apparent volume of distribution (Vd/F), the
apparent clearance (CL/F), half life (t;») and the
mean residence time of cefuroxime (MRT).

Statistical analysis. Data are expressed as means +
SD. A one-way analysis of variance (ANOVA) was
applied to compare all the parameters evaluated.
The Duncan test was used in order to determine any
significant difference between groups M and K
when compared with the control group and also

between groups M and K. Differences were
considered significant at P < 0.05.

RESULTS

Malnutrition models. After 3 weeks on the dietary
regimen, some of the biochemical features
associated with kwashiorkor and marasmus were
evident in the rats fed with a restriction in energy
and nutrients (group M), and with a diet of low
quality protein (group K).

The results of body weight vs. time (days)
are shown in Figure 1. Table 2 shows the final
weight and the amount of food consumed after 21
days of feeding. A significant difference in body
weight between groups was found: group C had the
highest mean body weight, while group K presented
the lowest. Table 2 also shows that there was a
significant difference in the total amount of food
consumed by the three groups. In the case of group
K, even though the animals were fed ad libitum,
they consumed a significantly lower amount of food
than the other two groups.

Biochemical parameters are shown in Table
3. It can be seen that the mean plasma protein
content of group K was significantly lower (P <
0.05). In the present study no differences in the
content of lipids in the liver between group C and
M were found, while group K presented
significantly higher levels.

Table 4 shows the protein content and
esterase activity in the proximal segment of the
small intestine. Although no significant differences
in the activity of small intestine esterases among the
three groups were found, both malnourished groups
presented lower levels of protein in this segment of
the intestine.

Figures 2 A, B and C show the microscopy
observations of the proximal segment of the small
intestine. In control group the absorptive cells of
duodenal mucosa showed a uniform pattern,
microvilli having a normal appearance. In the
malnourished animals of group K the microvilli
were shorter, some of which appeared to be
fragmented. When group M was compared with the
control group it was found that although there were
apparent differences in the number of villi (even
though morphometric measures were not taken)
these differences were less evident than those
observed in group K.
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FIGURE 1. Increase in body weight as a function of time (days) during a 21-day period in groups C (control), M
(restricted in energy and nutrients) and K (fed with low quality protein). Each point represents the mean body weight + SD.
n =46 rats.

Table 2. Body weight of the animals and amount of food consumed after 21 days of feeding'

Body weight Total amount of food consumed after 21 days
g g
Group C 133.3£7.0 2424+ 11.7
Group M 85.9+2.9° 118.5+2.6"
Group K 51.9+3.9° 97.3+8.3°

! Values are means + SD n = 46
* Significantly different from group C at P < 0.05, " significantly different from groups C and K at P < 0.05

Table 3. Biochemical parameters'

Plasma proteins Liver content of fat
mg/mL mg lipids/g protein
Group C 254+£43 64.9+10.9
Group M 22.3+£09 62.8+7.3
Group K 19.1 +1.5° 1259+ 7.9°

"Values are means + SD, n= 10
2 Significantly different from group C at P <0.05

Table 4. Protein content and esterase activity in the proximal segment of the small intestine'

Protein content Esterase activity

mg/g 4g/mg protein/min
Group C 86.55+£9.5 0.0026 = 0.0005
Group M 70.11 £5.3° 0.0024 + 0.0005
Group K 68.85+4.2° 0.0029 + 0.0006

"Values are means + SD, n= 10
* Significantly different from group C at P <0.05
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Figure 3 shows the pharmacokinetic profile of
cefuroxime in plasma in the three groups from
study L. In Table 5 the pharmacokinetic parameters
are presented.

The AUC expressed by the dose per body
weight (AUC/D) was significantly lower in
malnourished groups, group K having the lowest
value. When AUC/D values were compared, the

relative bioavailability (F) values were 78.2% for
group M and 64.4% for group K. Significant
differences were found between malnourished
groups and the control group in Vz/F. Also group K
presented higher CI/F and group C had the lowest.
No differences were found in t;» and MRT among
the three groups.

FIGURE 2. TEM images of the duodenum segment of the small intestine. Figure 2A: control group; Figure 2B: group M
(restricted in energy and nutrients); Figure 2C: group K (fed with low quality protein). Barr represents 500 nm.

0.35 ~

Cefuroxime concentration
(mcg/mg dose per kg weight)

——Group C
——Group M
—&— Group K

400

Time (minutes)

FIGURE 3. Mean plasma concentrations of cefuroxime after oral administration (2.6 mg) of cefuroxime axetil in control
and malnourished animals. Group C (control), Group M (restricted in energy and nutrients) and Group K (fed with low

quality protein).
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Figure 4 shows the increase in body weight after a
three week recovery period of the malnourished
groups. The gain in weight during this period
showed that in the first two weeks of recovery
period animals of groups M and K presented a
greater weight gain rate than that of the control
group. However, the rate of growth of the three

groups was similar during the third week, and the
slope of gain weight was almost constant. At the
end of the period there were still differences in
corporal weight among the three groups (mean
body weight: group C 214.21 + 12.10g, group M
193.37 +10.02 g, group K 140.41 + 10.93 g).

Table 5. Study I. Pharmacokinetic parameters of cefuroxime in control and malnourished rats."

Group C Group M Group K
Cunax/D (ug/mL/kg) 0.32 +0.03 0.27 + 0.04 0.24 + 0.04°
AUCDy ¢ 239412 187+ 1.5 15.4+0.7°
(g -min-kg/mL/mg)
AUCDy o 244+13 19.0+ 1.5 15.6 +0.8°
(1g-min-kg/mL/mQ)
Vz/F (L/kg) 2.6+0.5 4.140.2° 4.6 +0.4°
CI/F (L/min/kg) 0.043 £ 0.003 0.054 + 0.004* 0.065 £ 0.003°
ty/2 (Min) 37.6 £8.5 37.0£3.5 36,9+ 1.9
MRT (min) 73.2+5.6 63.0+13.7 64.5+5.6

! Values represent means + SD

*Significantly different from group C at P < 0.05, ° significantly different from groups C and M at P < 0.05
Chax/D: maximum plasma concentration expressed by dose per corporal weight; AUC/D: area under the curve
expressed by dose per corporal weight; Vz/F: apparent volume of distribution; CI/F: apparent clearance; ti:

half life elimination; MRT: mean residence time

250 ~
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35 40 45

FIGURE 4. The increase in body weight as a function of time (days) during a 21-day period of recovery. Group C
(control), Group M (restricted in energy and nutrients) and Group K (fed with low quality protein). Each point represents

the mean body weight = SD, n = 36
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The pharmacokinetic profile of study II is shown in
Figure 5, the pharmacokinetic parameters being
presented in Table 6. Animals of group M had no
significant ~ differences in any of the
pharmacokinetic parameters when compared with
the control group however, significant differences
in Cy, and AUC in group K compared with control
and M groups were found. For this study an F value
of 54.3% for K group was found, while group M

0,45 +
0,40 -
0,35 +
0,30 -
0,25 A
0,20 +
0,15
0,10 +
0,05
0,00

Cefuroxime concentration

100

(mcg/mg dose per kg weight)

-0,05

200

showed no differences in AUC/D compared with
the control group, demonstrating that for this latter
group the absorption of the antibiotic was similar to
that of the control group, group K still having a
lower absorption of the antibiotic. Moreover, values
of Vz/F and CI/F group K were higher than the
other groups, while the value of MRT in group K
was not significantly different from those of groups
C and M.

—e—Group C
—m— Group M
—a— Group K

300

400

Time (minutes)

FIGURE 5. Mean plasma concentrations of cefuroxime after oral administration (2.6 mg) of cefuroxime axetil in control
and animals of groups M and K after a 21 day period of recovery. Group C (control), group M (restricted in energy and

nutrients) and group K (fed with low quality protein).

Table 6. Study 2. Pharmacokinetic parameters of cefuroxime in control and malnourished rats after 3 weeks

of recovery.'

Group C Group M Group K
Cunax/D (19/mL/kg) 0.35+£0.01 0.38 £ 0.06 0.20 £ 0.02°
AUC/pO o 26.9+2.1 304+1.5 14.6 £ 1.0°
(1g-min-kg/mL/mQ)
AUC/pO 0 272+2.1 307+ 1.0 14.8 +£1.2°
(1g-min-kg/mL/mQ)
Vz/F (L/kg) 1.9£0.3 19104 3.1+£0.3°
CI/F (L/min/kg) 0.036 £ 0.004 0.033 £ 0.005 0.069 + 0.005
ti2 (Min) 32.8+3.8 375157 31.6 £4.1
MRT (min) 84.11 £3.1 79.06 £5.3 83.9£22.9

! Values are means + SD

*Significantly different from groups C and M at P < 0.05

Cha/D: maximum plasma concentration expressed by dose per body weight; AUC/D: area under the curve
expressed by dose per body weight; Vz/F: apparent volume of distribution; CI/F: apparent clearance; t;,: half
life elimination; MRT: mean residence time
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DISCUSSION

So far most of the pharmacokinetic studies carried
out on malnourished animals have been performed
using insufficient amounts of good quality foods;
this means that although the food has sufficient
quantities of all nutrients, including a good quality
protein (with all essential amino acids in sufficient
quantities), the amount of food consumed by the
animal, it is not enough to accomplish the
nutrimental and energy requirements of the animal.
Considering that the effects of a low quality protein
have not been studied and could be different from
those produced by the restriction in the amount of
food consumed by the animal, the main aim of this
paper was to determine if different types of
malnutrition had an  influence on the
pharmacokinetics of cefuroxime axetil.

Animal models for malnutrition are based on the
consumption of low quantities of a good quality diet
(to simulate marasmus) or on diets with low protein
content (to simulate kwashiorkor), usually casein or
albumin. Edozien (26) has reported that young rats
fed on a diet containing 0.5% albumin develop the
clinical features of kwashiorkor, including edema
after periods from 2 to 4 months. However, the
extremely low level of protein and the time to
develop malnutrition can cause stress in the
experimental animals. In the present work it has
been possible to obtain some biochemical features
found in kwashiorkor in a shorter period of time
using a food with a low quality protein.

The total amount of food consumed by
group K during the first phase of the study was
significantly lower when compared with that of the
control group. This behavior has been observed by
other authors it probably being a consequence of a
deficit in essential amino acids in the diet (27-31).
Peng et al. (32) suggested that young rats were able
to select a protein diet appropriate to their bodily
needs. The protein consumed by group K was of
low quality (deficient in tryptophan) and the
alterations produced by the imbalanced amino acid
pattern could be the reason for the limited amounts
of food consumed by this group. The significantly
lower body weight of this group was a result of a
poor quality protein as well as the lower quantity of
food consumed by the rats.

Animals of group K presented the lowest
plasma protein content as observed in kwashiorkor.
These proteins tend to be lower when protein

deficiency is the principal cause of the malnutrition
state and this could be the reason for the differences
found between groups K and M.

The content of fat in the liver in M group
was not different from that found in the control
group. Group K showed a higher content of fat liver
than that of the control group. These last results are
similar to those found in autopsied children with
kwashiorkor, who presented higher levels of fat in
the liver (33). Some authors have proposed that a
severe deficiency in protein such as that observed in
kwashiorkor, can cause a decrease in liver proteins
that transport lipids in the organism, causing its
accumulation in the organ. It is also possible that an
increased hepatic fatty acid synthesis from the
excess carbohydrate, an impaired fatty acid
oxidation by hepatocytes or an impaired whole-
body fatty acid oxidation can cause accumulation of
lipids in the liver (34-36).

The microscopy study showed that the
small intestine was modified by severe malnutrition
mainly in group K, which could alter the capacity of
absorption by this tissue. In humans it has been
observed that in kwashiorkor the villi are shortened
and their number decreases owing to fusion so that
the ridge or leaf-shaped villi are common; villous
atrophy has also been observed (14, 37,38). Severe
mucosal injury is more common in kwashiorkor
than it is in marasmus, possibly due to the effect of
protein depletion on mucosal recovery (15). This
behavior was similar in group K, which had a
deficit of good quality protein and presented more
damage in the small intestine than group M.
Zambonino et. al (39), found that villus height can
be used as an indicator of the nutritional state in
rats, and taking this into account, group K presented
a more severe malnourished state than did group M.

The results obtained demonstrated that the
malnutrition models of this study can be used to
evaluate the changes and effects produced by these
two types of malnutrition.

The results obtained in study I showed that
for malnourished animals of groups K and M values
of AUC/D were lower than those of the control
group, which indicates that the absorbed fraction of
the antibiotic was lower in the former groups. It has
been reported that cefuroxime axetil can be
transported by a carrier-mediated pH-dependent
peptide transporter (PepT1), but it can also be
absorbed by passive diffusion (22). It is possible
that the decrease in the microvilli of the small
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intestine in malnourished animals from group K
decreased the surface available for absorption,
which, as a consequence, reduced the absorption
capacity of the drug. Group M also showed
differences in AUC/D with respect to the control
group, and although this group did not show
differences in the height of microvilli, a reduction
in the number was apparent, a situation that could
also reduce the surface area for absorption. Bae et
al. (40) found a similar behavior after the oral
administration of an oxazolidinone, DA-7867 to
malnourished rats fed with a 5% protein diet. The
AUC was significantly smaller compared with that
of the control group, suggesting a decrease in
gastrointestinal absorption in malnourished animals.

Esterase activity in the intestinal mucosa
was measured in the proximal part of the intestine
because it has been demonstrated that this fraction
has a greater absorption capacity for the prodrug
(21). It has been proposed that one of the reasons
for the wvariability in cefuroxime axetil
bioavailability is the existence of interindividual
variability in the enzymatic activity of the intestinal
esterases, since these enzymes may hydrolyze the
prodrug producing the non absorbable form of the
drug (cefuroxime) (19). Esterase activity in the
intestinal mucosa was measured in order to
determine if it could be altered by malnutrition. The
protein content in the proximal segment of the small
intestine was lower in both malnourished groups
when compared with the control group, but no
significant differences in the activity of small
intestine esterases among the three groups were
found; this was probably due to the homeostasis
that the organism maintains in some enzymes which
are required for the digestion processes. Some
authors have reported that the intestinal mucosa can
obtain the energy even when malnutrition is
present, the energy could be obtained from the
lumen itself and also the intestine is one of the first
tissues exposed to the dietary nutrients; these
sources could provide energy substrates to support
the activity of the small intestine, so the enzymatic
activity can be maintained (41, 42). The results
obtained in esterase activity of the small intestine
suggests that in malnourished groups not all
changes in the bioavailability of cefuroxime axetil
can be attributed to differences in esterase activity
in the small intestine.

With respect to the values of t;, found,

there were no differences between groups,

suggesting that the elimination process of
cefuroxime is not altered by malnutrition. Although
differences in Vz/F and CI/F between control and
malnourished groups were found, these differences
might be related to the fraction of dose absorbed by
K and M groups since cefuroxime is not
metabolized, no change in the metabolizing
enzymes could alter the clearance of the drug.

The results of the pharmacokinetic study II
showed that after the three week period of recovery,
group M had a similar pharmacokinetic profile
when compared with that of the control group. The
body weight of these groups showed no significant
differences, suggesting that group M recovered
from malnutrition, and consequently the capacity of
absorption of cefuroxime was restored. For group K
the pharmacokinetic results were similar to those
observed in study 1. This means that in spite of the
three week period in which the animals were fed
with a good diet, the capacity of absorption of
malnourished animals of this group was not
restored. As can be observed, the animals of group
K had 65% of the mean body weight of the control
group and might need a longer period of time to
recover their capacity of absorption. This behavior
is similar to the observations made in children with
kwashiorkor, who in spite of clinical recovery, did
not show similar patterns of amino acid transport
when compared with normal children because of a
slow response of the small intestine morphology to
nutritional rehabilitation (14, 15). As in study I, no
differences were found in group K for t;, and MRT.

The changes in pharmacokinetics produced
by malnutrition are different depending on the drug
and on the route of administration. For example,
Lares-Asseff et. al (43,44) found that metronidazole
in children showed a different pharmacokinetic
pattern in malnourished patients. No significant
differences were found in absorption, AUC, and
Cnax- However, they demonstrated that the
elimination half life was significantly longer in
severely malnourished children when compared
with the wvalues obtained in nutritionally
rehabilitated  subjects, this change being
accompanied by the corresponding decrease in
clearance which could be due to modifications in
the biotransformation of the drug. These changes
indicate that there is a risk of accumulation of the
drug after repeated doses and the authors propose
that the dose of this drug should be reduced in
malnourished children.
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Conclusions. The results of this study show

that the absorption of cefuroxime axetil was altered
in malnutrition caused by a diet with a low quality
protein. After a 3 week recovery period these
animals still had alterations in the absorption of

cefuroxime axetil while animals

fed with a

restriction in energy and nutrients but with a good
quality protein presented a similar pharmacokinetic
pattern to that of the control group of well
nourished animals.
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