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In vitro Studies on Effects of Cefotaxime Sodium and Metoprolol Tartrate on Goat
Whole Blood Phospholipids
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Considering the importance of drug-lipid interaction in mechanism of action of drugs, in vitro effects
of metoprolol tartrate and cefotaxime sodium on goat biood phospholipids have been studied in an
attempt to correlate phospholipid binding capacity of the drugs to their biological activity. Statistical
analysis of the findings indicates linear relationship of cumulative phospholipid loss with incubation

period for both drugs with significant correlation.

RUG response phenomenon is a complicated
multistep process having a great degree of prob -

ability factors which overshadow the mechanistic
aspects'. Prior to exhibiting biological response, a drug
has to cross lipid barriers (membranes) and bind with the
target site having complimentary suriace property through
highly specialized hydrophobic, potat, electronic and/or
steric interactions depending on lipophilicity, electron den-
sity distribution and polarizability pattern at the surface of
the drug and receptor?, and undergo a favourable chain of
physico-chemical events®#. In nonspecific biological activi-
ties, partitioning and distribution of the drug in a certain
membrane compartment is responsible for the activity®S.
Lipophilicity (partition co-efficient) and ionization param-
eters are the most important regarding transport, distribu-
tion and binding of drugs in biological systems?”8, Changes
occurring in bio-membranes seem to be highly important
" in drug action mechanisms® and effects of drugs on
phospholipids are likely to throw some light on
pharmacodynamics of drugs since phosphopidis are im-
portant constituents of bio-membranes.

*For correspondence .
*Present Address: Seemanta Inst. of Pharm. Scl,,
. Mayurbhanj, Orissa - 757 086 -

May —June 1998

In our previous communications, interactions of differ-
ent categories of drugs with blood lipid constituents were
reported'®’s, In the present study, in vitro effects of
cefotaxime sodium (CS), a chemotherapeutic drug, and
metoprolol tartrate (MT), a cardiovascular drug, on goat
blood phospholipids have been quantitatively measured.

Since blood is the transporting tissue by which drugs
are carried to the target site, whole blood was chosen as
the in vitro experimental model which may be considered
to be simulative of more complex biological system. Goat
whole blood was chosen as the lipid source becausg of its
easy availability and close similarity to human blood'.

MATERIALS AND METHODS

Whole blood collected from goat (Capra capra) and
reagents of analytical grade purchased locally were used
for the present study. The samples of cefotaxime sodium
and metoprolol tartrate were supplied by Roussel india Ltd. -
Bombay and Concept Pharmaceuticals Ltd., Bombay re-

spectively.

Collection of goat blood and its incubation with/
without drug. Goat blood was collected in a sterile vessel
containing anticoagulant solution (sodium citrate in saline)
and filtered through sterile cloth to remove foreign
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materials like hair and dust and was kept in a refrigerator
under nitrogen atmosphere for further work.

A portion of the collected blood was treated with a
calculated dose (CS 40 mg%,; MT 0.2 mg%) of drug solu-
tion in saline, continuously stirred for one hour below 15°
and kept in refrigerator under nitrogen atmosphere for 10
days. Control sample (drug untreated) was also incubated
under the similar condition. '

Extraction of total lipid from incubated blood: Ten ml of
blood (control) was extracted twice according to the method
of Bligh and Dyer'” by shaking for 1 hour each time in a
. BOD incubator shaker with a mixture (45 ml) of methanol
and chleroform (2:1 v/v) below 20° followed by centrifuga-
tion (after each extraction) at 3000 rpm for 15 minutes and
transfer of the supernatant fluid (extract) to a separate con-
tainer. The combined tota! lipid extract was made upto 75
m! with the same solvent mixture. This constituted the con-
trol (zero day incubation).

Using similar procedure total lipid was extracted from
both control and drug treated blood on 1st, 2nd, 4th, 6th,
8th and 10th days of incubation.

Estimation of phosphorus in total lipid: The inorganic
phosphate content of total lipid was estimated by colour
development from reaction between phosphomolybdate
and amidol (2,4-diaminophenol) according to the method
of Allen's, Ditferent aliqouts (0.5, 1.5, 3, 4, 5 ml) of total
lipid (75 ml) were used to estimate the phosphate content
on 1st, 2nd, 4th, 6th, 8th and 10th days of incubaticn for
both control and drug-treated blood samples. Control sam-
ple phosphate content was determined also on day 0 (the
day on which drug was added to the test sample). The
colour developed was analysed by EC digital
spectrocolorimeter GS5700A at 680 nm.

RESULTS AND DISCUSSION

The estimated inorganic phosphate contents of differ-
ent samples were compared to that of control sample (0
day incubation). The control sample did not show any sig-
nificant change in phosphate content in different days.
Drug-treated blood samples showed significant difference
in phesphate content with the control.
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The findings are presented in the tables 1 and 2 which
show incubation of blood with both drugs leads to reduc-
tion in inorganic phosphate content which may be

' accounted due totheir binding with phospholipids.

Phospholipids binding of cefotaxime is in good corre-
lation with its capability of permeation through lipid barri-
ers as exemplified by the facts that cefotaxime can pen-
etrate into cerebrospeinal fluid in sufficient concentration
to be useful for the treatment of meningitis and it can also
cross placenta and penetrate into aqueous humor's. The
present findings is further corroborated by relatively more
activity of cefotaxime against gram-negative bacteria than
gram-positive strains'®. It is known that gram-negative bac-
teria are inherently more resistant to antimicrobial agents
because they have additional complex lipid envelop, com-
posed of lipoproteins, lipopolysaccharides and
phospholipids, beyond the peptidoglycan layer?®. The outer
lipid fayer restricts uptake, penetration and attainment of
sufficient concentration of antimicrobial agents in the .
cells.2!,

Phospholipid binding of metoprolol, a 31 adrenoceptor

-antagonist having high lipid solubility (fog P = 2.15)?2, may

be correlated with its hydrophobic interaction with the
lipophilic receptor site and it may be presumably a prereg-
uisite for its cardiovascular activity.

Regression analysis of data to fit cumulative percent
reduction (PR) of phosphorus content as a function of in-
cubation period (D} into a linear model has been done us-
ing method of least squares and in case of both drugs
good correlation is found with statistical significance (P <
.0.001) (tables 1A and 2A).

Comparison between slopes of the two regression lines
shows t = 0.0428 (D.F. = 32) which indicates that there is
no significant difference in rates of phospholipid binding
with respect to incubation period (d(PR)/dD) between the
‘two drugs. Analysis of variance (tables 1B and 2B) indi-
cates influence of both biological source and period of in-
cubation in the variations of the data.

In summary, both drugs (CS and MT) have

phospholipid binding affinity which might be an important
factor for-the mediation of their therapeutic activity.
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Table 1: Cumulative percent reduction (PR)* in blood phosphorus content as a function of

incubation period (D) after treatment with Cefotaxime sodium

Days of Average = S.E.
incubation

(D) #1 #2 #3

1 17.95 1424 12.28 14.82 + 1.66

2 26.02 22.67 17.48 22.06 +2.48

4 27.69 28.54 23.16 26.46 + 1.67

6 31.79 33.38 : ‘ 27.76 30.98 + 1.67

8 34.03 37.47 31.96 34.15+1.30
10 36.50 39.64 34.40 36.85 + 1.52

* Averages of five observations. #1, #2 and #3 indicate three separate experiments using blood from a different animals

each time.

' Table 1A - Regression analysis of data of table 1

Regression equation?
Correlation Coefficient (r)°

Significance of correlation
(r versus 0) B

Estimate of variance of PR

Standard error of estimate
(of PR on D)

95% Confidence interval of slope

95% Confidence interval of
intercept

PR =2.2716 D + 15.8167

50,9184

t=9.28 (D.F. = 16) P < 0.001

10.9241 (D.F. = 16)

3.1162

22716 £ 0.5187
15.8167 + 3.1479

a. Method of least squares b. Pearson’s correlation coefficient

Note - The last column of Table | is excluded in calculations for obvious reason.

Table 1B - Analysis of variance of data of table |

Between animals

Between days

F ratio

Degrees of
freedom

Significance
level

15.140
(2,10)

p <0.01

72.811
(5,10

P <0.01
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Table 2 - Cumulative percent reduction (PR)* in blood phosphorus content as a function of

incubation period (D) after treatment with metoprolol tartrate

Days of Average = S.E.

incubation _ ‘

(D) #1 #2 #3

1 12.09 6.94 - 1255 10.53 + 1.80

2 16.65 13.29 14.38 14.77 + 0.99

4 20.36 17.67 : | 19.89 19.03 + 0.83

6 26.06 20.94 23.41 23.47 £ 1.48

8 28.74 27.57 26.64 27.65 + 0.61
10 34.40 30.75 - 30.56 31.90 + 1.25

* Averages of five observations, #1, #2 and #3 indicate three separate experiments using blood from a different animal

each time.

Table 2 A - Regression analysis of data of table 2

Regression equation?
Correlation coefficient (r)*

Significance of correlation

(r versus 0)

Estimate of variance of PR

Standard error of estimate

(of PR on D)

95% Confidence interval of

slope

95% Confidence interval of

intercept

PR =2.2838 D + 9.4720

0.9687

t=15.61 (D.F =16) P < 0.001

3.9067 (D.F. = 16)

1.8634

2.2838 + 0.3102

9.4720 +1.8825

a. Method of least squares b. Pearson’s correlation coefficient

Note -The last column of Table 2 is excluded in calculations for obvious reason.

Table 2B - Analysis of variance of data of table 2

Between animals

Between days

F ratio

Degrees of freedom

Significance level

11.053
(2,10
P <0.01

113.973
(5,10)
P <0.01
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