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Abstract

The study was done on two groups of children: the non-PEEM or control (group 1) and the PEM or experimental
group (group 11), both of whom were administered with 1g ceftriaxcone/ 24 bosrs for some acquired infections. The
objective of the present study was to estimale the serim free ceflriaxone concentralions at 13 minutes, § bowrs and 23
bonrs following administration and fo observe whether the sermm MIC/MBC was being maintained or not, whether
the free serum ceftriaxcone levels bad any corvelation with the nutvitional status of children.

Introduction

In developing countries, abour half of all
childhood deachs (4.9 million) are caused by no
more than five conditions: pneumonia,
diarthoeal diseases, malaria, measles and
malautrition (UN report’90).  Despite various
national and global consensus, pediatric health
care is yet to be enriched a lot to reduce infant
mortality rate. Besides, millions of children die
every vear in diarrhca, pneumonia, meningitis
and many other curable discases in Bangladesh.
About 93.4% of children aged 6-71 months
suffer from various degrees of malnutrition in
Bangladesh'.

Nutrition is a major concern for any
over-crowded population particalarly living at
or below poverty level like Bangladesh. Many
national and international strategic plans are
underway to fight back the curse of
malnutrition throughout the world. Bangladesh
is a country facing different natural disaster
round the year including epidemic ot diseases.
Moreover uncontrolled population growth with
lack of education, housing, and financial
constrains  precipitate  the  severity of
malnutrition pardcularly in children and making
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them more vulnerable to the infectious diseascs.
A wvicious cyele is established with malnomivon
giving rise o diseases and wice persa, a situation
that is commonly found in Bangladesh.
According to a WHO-UNHCR reporc (2000),
protein energy malnutrition (PEM) is by far the
most lethal form of malnutndon and PEM
affeces * every  fourth  child  worddwide.
Geographically, more than 70% of PEM
children live in Asia, 26% in Africa and 4% in
Latin America and Caribbean. In 1990, the UN
Subcommittee on Numinon cstimared chat
around 184 million children of pre-school age
(34%) suffered from growth faltering due o 2
combination of factors such as insufficient diers
and .infcctious diseases”. From a study of 53
countries, it has been reported thae the effects
of persistent PEM can be devastating. Fven in
its mild o moderate form PEM coneributes
56% of all childhood deaths due to irs
potentiating cffects on childhood infectious
diseases®. It is one of the common causes of
mortality and morbidity i children  of
Bangladesh’.

Many antumicrobial agents are being
used to trcat the life-threatening  diseases
worldwide. Some of the drugs are preferred in
casc of children for high efficacy, broader
spectrum, pharmacokinetc advantages and
safery. Ceftriaxonc is onc of the commonest,
widely used anumicrobial agents in the
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rreatment of lower respiratory tract infecoon,
infection of the skin, wurinary tract, bone and
joint, intra-abdominal, and central nervous
system. It is also indicated for the treatment of
Scpticcmiafhacmrcnﬁn". Cefrriaxone is a third-
generation parenteral ccphalosporin . with a
relatively long half-life, which is stable o -
lactamascs, particularly those produced by
gram-ncgative  organisms.  Ceftriaxone  was
introduced in the United States in 1984, Since
then, it has gained considerable popularity with
clinicians providing pediatric health care. With
its favourable spectrum of acovity, long half-
life, ease of administration, and reladvely few
adverse cffects, ceftriaxone has  become 2
frequent  choice for empiric  antimicrobial
therapy in hospitals, emergency departments
and in ambulatory care settings”.

The choice of an antimicrobial agent
generally depends on the lowest concentration
of the drug that is sufficient to inhibit or kill the
microorganisms, that is, the MIC or MBC. MIC
iﬁ th!.: mjnimum I:f)l'll:l'_'l'.lrr“.-'l.tjﬂ.'ln UF L]'.I'sl! L]TLJH' Ll"i':l[
inhibits the growth of one isolate of a pathogen
for 24 hours under specific /v mitrs conditions”,
MBC is the minimum drug concentration that
kills  the microorganism. However, the
therapeutic efficacy of an antibiotic depends not
only on its i e MIC value but also upon its
actual concentrations in serum and at the site of
infection’. Considering the overall
pharmacokinetc impact, socioeconomic burden
of treatment and nutritional status of children,
the conventional dosing of widely used drugs
should be justified and evaluated repeatedly in a
poor country like Bangladesh. Therefore it is of
great importance to determine the free serum
concentrations of a highly protein-bound drug
like ‘ceftriaxone’ in children suffenng with
protein energy malnutridion (PEM) to evaluate
the maintenance of MIC against common
MICTOOLZANisms inN our Country.

Methodology

The study was carried out in the Department of
Pharmacology, Bangmbandhu Sheikh  Mujib
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Medical University (BSMMU) during the period
of July 2002 to June 2003,

The experiment was designed to determine the
free serum concentrations of ceftriaxone ac
different points of dme (after intravenous
administration) and nutricional states (PEM and
non-PEM). A total number of 42 children (21
PEM and 21 non-PEM aged, 2 wo 10 ycars)
admitted in the pacdiatric wards of three
hospitals of Dhaka city, namely- Bangabandhu
Sheikh  Mujib  Medical University (BSMMU)
hospital, Dhaka Medical College Hospital
(DMCH) and Holy Family Red Crescent
Medical College Hospital (HFRCMCH) were
selected for the study. Informed consent from
their parents or appropriatc guardian was
abrained.

Children were grouped in to Group-1 (children
without PEM but otherwise sick and receiving
Inj Ceftriaxone lgm iLv.) considered as the
control group and Group-11 (children suffering
from PEM in assocation with existung disease
and received Inj, Ceftriaxone 1 gm iwv.) was
considered as the experimental group.
Nutritional assessment (separating criteria of
PEM and non-PEM children)

Prior to grouping of the children included in the
study, the children were classified into PEM
(21): and non-PEM (21) on the basis of
nutritional assessment  after  obtaining  the
anthropometric measurements: Age (months),
Body wr (kg), Height (cm), MAC- mid arm
circumference (cm).

The data were recorded in separate sheets for
each child and then compiled and analyzed for
Z-scorc by using the ‘NutStat’ computer
software as mendoned in the *Child Nutrition
Survey of Bangladesh 200(0¢, The Z-scorc was
done for statistical determination of nutritional
status and has been recommended by the
W.H.O for measuring and analyzing
anthropometric indices by setting the cut-off
value at=3.00 sd (WHO 1995).

Blood was collected asepucally from the median
cubital vein of the children each morming
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berween 9:30 — 10:30 AM and stored in sterile
test-tube containing EDTA as an anticoagulant.
The first sample was obuained fifteen (13)
minutes after 1 g ceftriaxone i.v. in one hand. 2-
5 ml blood was drawn from the median cubital
vein of the other hand and labeled as ‘a’ (1mil)
for esumadon of ceftnaxonc. The second and
third samples were collected from the same
patient about 8 hours and 23 hours respectively
tollowing the first sample. These were labeled as
‘D’ and ‘¢’ respecdvely. Samples  were
centrifuged at 2000 rpm for 10 minutes and
serum was collected in small eppendorf whbes.
They were prescrved at =70 °C. until estimation
of the drug at HPLC.

The free serum ceftniaxone concentrations were
esimated by High Performance Liquid
Chromatography  (HPLC) wusing  protein
precipitation method where the plasma proteins
we:g precipitated by cold methanol stored at 4
T,

HPLC settings: Column C18. (4.0 mm x 15 cm)
that conuin packing material L1-Ocradecyl
Silane Chemically bonded to porous silica.
Wave length: 274 nm, Flow rate: 1.0 ml /min,
Pressure: 2000 Ib/in®

The blood samples (a, b and ¢) were treated
with methanol (kept at 4°C) for precipitating the
scrum protein. The method of Kohlhepp ¢f al.
(1998) states that the protein bound form of
ceftriaxone would precipitate if the serum was
centrifuged following treatment with  cold
methanol. For this purpose, 0.1 ml of serum
was added to 0.9 ml cold methanol, stored at
4°C. The mixture was vortexed and the
centrifuged at 3,500 pm for 5-10 minutes. A
white precipitate was formed at the bottom,
which contained the protein bound form of
ceftriaxone sodium. The supernatant was
collected and kept at =70 °C undil it was assayed
for ceftriaxone.

The method of free scrum ceftriaxone
determination by HPLC was evaluated by:
Obtaining a standard curve on each day prior to
the running of the samples.
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The lincarity of the standard solutions was also
determined by calibraton of external standard
solutons ac five different concentrations (2, 4,
8, 16, 32 pg/ml). The results were found linear
(r=0.998) in replicated standard  solutions.
These standards were submitted to the same
procedure used for the samples, including the
addition of the internal standards",
Opumization of the method by scries of
diludons of ceftriaxone were done (conc. 5-50
pg/ml). These dilutions were prepared from the
ceftriaxone sodium donated by the Avents
Limited, Bangladesh. The recovery of internal
standard Spg/ml and 50pg/ml was 98.02% and
99.13% respecuvely and the method was found
reproducible on 3 successive determinations.
Inter-day and intra-day precision of the method
by determining coefficient of variation. The
accuracy was determined after five replicate
injections of same sample and the mean peak-
arcas were calculated and the standard deviation
was less than 2%.

The nurritional analysis was done by compurer
software ‘NutStat’ of Epilnfo-2002 version. All
data obrained for concentrations of free
ceftnaxone, serum albumin and total protein
were compiled and analyzed by using statstcal
software SPSS version 10. The companson
between control and experimental groups were
donc by mean, standard error and unpaired ‘¢’
test.

Result

The mean (E sc) age of children in ‘Group I’
(control group) was 3.6 * 0.8 years and in
‘Group II' (PEM-group) was 5.8 + 0.1 vears.
The mean height was 110.2 % 2.3 ¢cm and 96.1
29 cm in the group I and 11 respectively. The
mean (& se) weight of the children in T' group
was 18.1 * 1.7 kg and in children of the “II’
group was 10.5 £ 1.1 kg. The mean (% se) value
of MAC (mid upper arm circumference) of the
children was found 153 £ 1.8 cm in ‘Group I'
and 9.4 £ 0.9 cm in ‘Group II'.
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Table I-Mean age, height, weight, MAC and Z
score of children in group-I and group-I11

in=21) | Age |Height [iaigt |MAC Z scoee’

in |incm |nky |inem

years HAZ |WAZ |WHZ
Group | 56 1Mg2 181 153 |04 |06 | 02
feontiol | £08 | £23 [e17 213
group)
Geowp i 58 .1 105 94 |36 |0 |34
{PEM 201 | £29 }N.'Ii 09
Foup)

* Z sconng was done by stansncal sofroare ‘NurSrar’

After intravenous infusion of 1 gram
Ceftriaxone sodium {at the dose of 1g/day), the
mean (£  se¢) concentrations of sérum
ceftriaxone in ‘Group I” and ‘Group 11" after 15
minutes was 125.5 1.5 gg/ml and 146.7 £ 3.8
pg/mi respectively. The values of the group |
were significandy higher (P < .001) compared o
those of the group 1. The free ceftriaxone levels
in serum collected after 8 hours following
intravenous infusion were 76.6 £ 1.5 pg/ml in
‘Group I' and 90.0 £ 2.9 pg/ml in ‘Group II'.
These values showed significanty higher
concentrations  (P<  0.01) of free serum
ceftriaxone in the group IL

The mean (£ s¢) concentrations of free
ceftriaxone in scrum samples collected after 23
hours was 22.1 £ 2.3 pug/ml in ‘Group I'. The
concentration was 12.6 £ 1.2 pg/ml in ‘Group
11" and was found significantdy (P <.U01) lower
in comparison to those of the control group.

Table [I-Free scrum ceftriaxone concentrations
in Group-I and Group-Il

affer 15 minutes | afer 8 hours | attar 23 hours
(&) ugimi (b} pami fe) pgimi
Group | 1255£1.5 TeE=15 21£23
{non-PEM children)
Group 1
{PEM children 1467 £38 90.0+£29 126+12

J. med. sci. res

Figure 1: Free serum concentrations and area
under curve in non-PEM and PEM
children at specified tme interval,

concontralions
8

2: area under curve 7

15 min

8 hrs 23 hrs

—e—non-PEM -8 PEM

The mean concentrations of ceftriaxone after 8
hours of infusion (a-b) respecuvely in group 1
and group 1l were 48.9 pg/ml and 56.7 pg/ml.
The mean concentrations reduced from 8 ro 23
hours (b-c) were more prominent in the
experimental group (Group 1) than those of
the control (Group I) and the values were 54.5
Hg/ml and 77.4 Mg/ml respecrively. The
reducdon of free serum  ceftrniaxone
concentrations after 23 hours (a-¢) were 103.4
pg/ml in children without PEM (Group I) and
134.1 pg/ml in children with PEM (Group 11).
There ‘was higher rate of reducton in the
experimental group in compatison to those of
the control.

Table III-Percent reduction of free serum
ceftriaxone  reduced in  specified tme
intervals in children of control (1) and the
experimental (II) groups

after specified time intervals * = P<0.035,
** = P<0.01, *** = P<0.001

Percent reduction (%)
in=21) 15 min<8 hours 8:23 houts 15 min-23 howrs
fat) (b-c) {a)
[eantrol group) 33,96 % 7114 % B239%
{PEM group) 3365 % 85.0 % 91.84%
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Figure 2-Logarichmic distribution of free serum
ceftriaxonc concentratons in  all children,

group-1 and group-II
1000
E
S 100
£
10 -
1
after 15 alter8  after 23
min hrs hrs
| vvvvvv all childrgn =——Group C Group E
Discussion

The present study shows the results of the
antropometric  measurements  (age,  heighe,
weight, MAC) together with the Z score
between non-PEM children (control group) and
the PEM-children (experimental group). The
table suggests that although the mean age of
children of both groups were similar (5.6 and
5.8 vears respectively), significant differences
were present berween the conwuol and the
experimental group in relation to heighe, weighe
and MAC. The mean hcight in experimental
group (children with PEM) was 96.1 £ 2.9 cm
that was significantly (P<0.05) lower than the
control (children without PEM) group. This
might be considered as indicator of malnutrition
(stunting) in the cxperimental group In
comparison to that of the healthy group.
Similarly, the mean weight was significantly
lower (P<0.001) in the children with PEM (10.5
% 1.1 kg) in comparison to that in the control
group (18.1 £ 1.7 kg). Measurement of mid-arm
circumference (MAC) gives a rough composite
gauge of stores of protein and fat in children
(WHO 1997). In this study, the mean MAC of
children with PEM (group II) was 9.4 £ 0.9 ¢cm,
which was significandy lower (P< 0.01) than
those of the non-PEM (group I) children. The
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lower value of mean MAC could be a reflection
of wasting which is an obvious feature of
malnutrition.

Ceftriaxone shows high degree of protein binding
which limit the amount of free drug in plasma
or tissue, although the free and concentrations
may remain cffective (microbiologically active)®,
The pharmacokinetics of ceftriaxone is reported
to be unchanged in different age groups.
Luderer & 4l reported in a swudy that no
significant changes were obscrved in plasma
concemrations, climinadon half-hfe, apparent
volume of distribution, non-renal clearance of
ceftriaxone  berween  healthy  children  and
adult”. Bur, in another study by Hayron and
Stoeckel, plasma protein binding of ceftriaxone
was observed about 70% in nconates and it was
increased throughout childhood o the adule
value of 90 to 95%". This may indicate the
probability of free ceftriaxone levels in plasma
would be higher in children than in adult. On
the other hand, if the amounts of plasma
protein in children remaining less, the amount
of free (unbound) drug might be more in
plasma. In certain ill ness or in renal impairment
when plasma albumin becomes lesser than usual
(hypo-albuminemia), much caution is required
to administer highly procein-bound drugs like
ceftriaxone. In case of deficient children like
those suffering from PEM, onec may face
dilemma to decide as to the amount of drug (eg.
ceftriaxone) to be administered, although
ceftriaxone (the cephalosporin in general) is a
relatvely safer drug,

In the present study, free serum ceftriaxone
concentrations were found much more higher
in the children with PEM after 15 minutes and
8 hours of infusion of g ceftriaxone i.v; but the
mean free serum concentrations were higher in
children without PEM at 23 hours. This might
be due to the rapid merabolism or eliminadon
of unbound (frec) drugs. The higher
concentrations of free ceftriaxone in hypo-
albuminemic and hypo-proteinemic children of
the PEM group were similar co the findings of
Mimoz & al (2000} where hypoalbuminemia
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were induced by hydroxyethyl starch in cleven
patients and free ceftriaxone levels were
measured to compare with healthy volunteers™,
In the present study, the mean scrum
concentrations of ceftriaxone after 15 minutes

of infusion was found 1255 * 1.5 pg/ml in
control group (children without PEM) chat
correspond with the findings of other studics
carried out on newborn children who has
recorded mean serum concentrations 116-131
pg/ml",

The only way to knowing what concentrations
are attained after a given dosc of a drug is o
measure the plasma or serum levels". This may
give an idea over the efficacy of a drug and also
whether the MIC/MBC arc being maintained or
not, although the therapeutic efficacy of an
antibiotc depends not only on its v rir
MIC/MBC value but also upon its actual
concentration in serum and at the site of
infection”. To observe the MIC/MBC values
and eliminaton rate, the serum free ceftriaxonc
levels were estimated in this study again afeer 23
hours of the single dose ceftriaxone (1g i.v.) in
children. The mean concentrations of free
ceftriaxone were 22,1 £ 2.3 ug/ml and 12,6 £
1.2 pg/ml in group | and in group Il
respectively. The concentrations in children
with PEM (group II) were significandy lower
(P<0.001) at 23 hours than those in group L
The reduction rates were 1034 pg/ml in

control group and 134.1 pg/ml in experimental
group at 23 hours. Probably the rapid
climination of the higher amount of free drug
occurred in the PEM group and thercfore the
concentration in the PEM group were
significandy  (p<0.007) lower act 23 hours
compared to those in the control (group 1). This
was similar to the findings of Joos e al. (1984),
who in a study on hospitalized patients (with
severe  infections) obtained free serum
ceftriaxone values as 10 pg/ml at 24 hours™.
The more rapid elimination in group 11 could be
due to more metabolism or climination of free
serum ceftriaxone in children with low serum
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albumin and total protein. Because the toral
serum albumin and serum total protein in group
1l were also lower. A point to note is that, at
about 15-16 hours (Iig 3.1) the concentrations
of free serum ceftriaxone was similar in both
groups. This indicates that, irrespective of the
renal tubular secreton rate (or the climination
ratc), both PEM and non-PEM children had
attained almost same free scrum concentrations
at about 15-16 hours.

Summary

The present study was aimed to outline the
correladon or disparity if any, existed regarding
the serum concentratons of free ceferiaxone
when administerced either to PEM or non-PEM
children. Ic was observed that after 15 minutes
of administration, there was significantly higher
(p<0.001) concentratons of free  serum
ceftriaxone in the PEM children (Group 1I),
compared to those in non-PEM (Group I)
children. A reduction of 38.9% was obscrved at
8 hours. Cefuiaxonc remains bound principally
to albumin in the body. Therefore it may be
feasible that whence the PEM children had
lower concentrations of serum albumin, there
would be higher concentradons of free drug in
serum, and this was observed in chis study.
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