
Introduction

The cephalosporins are the semi-synthetic antibiotics

which were originally derived from the fungus

cephalosporium acremonium about sixty years ago [1].

As a result of modification of the active nucleus

7-aminocephalosporanic acid side-chains, there are

four generations of cephalosporins [2, 3]. Each newer

generation of cephalosporins has significantly greater

gram-negative antimicrobial properties than the preceding

generation, in most cases with more extended

spectrum activity. The mechanism of bactericidal

action is cephalosporins can disrupt the synthesis of

the peptidoglycan layer of bacterial cell walls.

Cefazolin sodium is the first-generation

cephalosporin antibiotic which can eliminate infections

that are caused by bacterial including lung, skin,

bone, joint, stomach, blood, heart valve and urinary

tract infections; it is also useful in preventing

infection during surgery and patients mildly allergic

to penicillin [4, 5]. As one of the second-generation

cephalosporins, cefonicid sodium is effective against

a wide range of gram-positive and gram-negative

bacteria, and it is useful for anaerobic infections,

gonorrhea and diabetic foot infections [6, 7]. The two

antibiotics have been recognized in the United States

Pharmacopeia. Since each individual antibiotic acts in

a different way and may be effective against either a

broad spectrum or a specific type of disease-causing

agent, so selectively using antibiotics has become

more importance, and more advanced information on

antibiotics need to be better understood.

As a non-specific technique, microcalorimetry

was confirmed to be valid as an alternative method in

the study of metabolism of the cell and the effect of

drugs on cell metabolism [8–11]. It is a useful tool for

investigating the biological processes because it

permits the continuous monitoring of the activity of a

living process in situ without disturbing the system,

and the heat evolved or adsorbed is strictly proportional

to the rate of the biological processes [12–15]. With

its abundant thermodynamic and kinetic information,

microcalorimetry has been widely applied in clinical

analysis, pharmacology, ecology, biotechnology and

agriculture [16–21].

In the present work, we attempt to investigate the

inhibitory effects of the cephalosporins (cefazolin so-

dium and cefonicid sodium) on E. coli metabolism by

microcalorimetry. From the power–time curves, the

growth rate constant (k), the maximum power output

(Pm) and the time corresponding to the maximum power

output (tm) were calculated. According to the relation-

ships between k, Pm, tm and cephalosporin concentration

(C), the effects of the inhibition of the two kinds of

cephalosporins on the metabolism of E. coli were deeply

studied. The results could provide more information to

the clinic application.
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Experimental

Materials

Escherichia coli (E. coli) strain DH5� was used as

the test organism, obtained from the Biomass

Conversion Technology Group (Dalian Institute of

Chemical Physics, CAS, Dalian 116023, P.R. China).

The E. coli DH5� was routinely cultivated on

Luria–Bertani (LB) culture medium consisting of

tryptone 1 mass%, yeast extract powder 0.5 mass%,

NaCl 1 mass% (pH=7.0–7.2), and the procedures

have been reported previously [22]. The LB culture

medium was sterilized by autoclaving at 121°C for

20 min before the experiment.

The cefazolin sodium and the cefonicid sodium

were kindly afforded by Dalian Institute of Drug

Detection, P.R. China.

Methods

Microcalorimetric experiments were performed on a

TAM Air Isothermal Calorimeter (Thermometric AB,

Sweden), which equipped with eight twin

calorimetric channels with one side for the sample

and the other for a static reference. Measurements

were carried out in sealed 20 mL glass ampoules. The

signal generated was recorded in-situ by a computer.

The structure and operation of the instrument have

been described previously [10, 23].

The microcalorimetric measurement was performed

using ampoule method. The cephalosporins-containing

LB culture mediums with a volume of 10 mL were

placed in 20 mL glass ampoules which have been

sterilized beforehand. Then 200 �L E. coli suspension

(optical density is about 0.5 at �=600 nm) were

inoculated into each ampoule. After that, the

ampoules were sealed with a cap and placed into the

microcalorimeter. The microcalorimeter was controlled

at 37°C by thermostat and the power–time signals

were recorded at an interval of 1 min.

Results and discussion

Thermokinetics

In the logarithmic phase of growth, the power–time

curves of E. coli obey the exponential equation [24]:

lnPt=lnP0+kt (1)

where P0 and Pt are the power output at time 0 and t,

respectively, k is the constant of cell growth rate.

According to Eq. (1), the rate constant k of cell

growth could be calculated according to the data Pt

and t obtained from the power–time curves, and these

values are given in Table 1.

The inhibitory ratio (I) is a good indicator of the

inhibition of cephalosporin on metabolism of E. coli,

and it can be defined as:

I k k k�[( – )/ ]• %
0 0

100
c

where k0 and kc represent respectively the rate

constant of E. coli growth without and with effect of

the cephalosporin. When the inhibitory ratio (I) is

50%, the corresponding half-inhibitory concentration

of the cephalosporin is expressed as IC50. It can be

regarded as the inhibiting concentration causing a

50% decrease of the E. coli growth rate constant. The

calculated results are also exhibited in Table 1.
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Table 1 Parameters of E. coli growth at different cephalosporins

Cephalosporins C/�g mL
–1

k/10
–3

min
–1

Pm/�W tm/min I/% IC50/�g mL
–1

Cefazolin sodium 0 1.85 542.7 2271 0

0.1 1.55 498.7 2347 16.3

1.0 1.20 558.6 2462 35.1

1.5 1.14 630.4 2692 38.4 2.3

2.1 1.05 702.2 4240 43.2

3.0 0 – – 100

Cefonicid sodium 0 1.85 542.7 2271 0

0.1 1.18 507.5 2286 43.8

0.3 0.71 386.5 2856 61.6

0.4 0.66 421.9 3189 64.6 0.2

0.5 0.52 357.7 4026 71.9

0.6 0.49 273.3 4824 73.6

1.0 0 – – 100

k – growth rate constants, Pm – maximum power output, tm – the time of Pm, I – inhibitory %



Power–time curves

The power–time curves from the two kinds of

cephalosporins (cefazolin sodium and cefonicid

sodium) are plotted in Fig. 1. Difference of the inhibitory

action of the two antibiotics on E. coli growth can be

clearly seen. The heights of the peaks of the curves in

Fig. 1a ascend with the cefazolin sodium

concentration increasing, and the shape of the curves

changed little after the addition of high concentration

of cefazolin sodium. From Fig. 1b, it shows the

heights of the peaks gradually descend with increasing

the concentration. The time tm corresponding to the

maximum power output are all prolonged with an

increase in the concentration of the cephalosporins.

Relationship between k and C

Table 1 and Fig. 2 demonstrate the effects of various

concentrations of cephalosporins (cefazolin sodium

and cefonicid sodium) on the heat production rate in

E. coli cells. The k of the E. coli growth gradually de-

clines with the increase of the C. This is mainly be-

cause after addition of the cephalosporins into the

E. coli suspension, some cells were inhibited or killed,

but the survivors do metabolize continuously which

maintain a lower level of the heat production rate, and

this level is directly depending on the concentration

of cephalosporins. When the concentration reached

3.0 and 1.0 �g mL
–1

for cefazolin sodium and

cefonicid sodium, respectively, k decrease steeply to

0 and no growth were observed in the experimental

period. Figures 2a and 2b show that their k change

trends are similar. The k values decrease sharply in

the low and high concentration, but in the middle con-

centration range (1.0–2.1 �g mL
–1

for cefazolin so-

dium, 0.3–0.6 �g mL
–1

for cefonicid sodium), it re-

duces slowly. The result suggests that cefazolin

sodium and cefonicid sodium may have the same in-

hibition mechanism on the E. coli growth. The corre-

lations between k and C could be formulated accord-

ing to the following equations:

For cefazolin sodium:

k= –0.2587C
3
+1.043C

2
–0.3934C+1.773

R
2
=0.9918

For cefonicid sodium:

k= –6.238C
3
+10.79C2–6.362C+1.802

R
2
=0.9917
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Fig. 1 Power–time curves for growth of E. coli affected by

various concentrations of cephalosporins: a – cefazolin

sodium, b – cefonicid sodium

Fig. 2 Change of the growth rate constant (k) with change of

cephalosporins concentration (C): a – cefazolin sodium,

b – cefonicid sodium



According to the relation between k and C for

cefazolin sodium and cefonicid sodium, the inhibitory

ratios (I) were calculated (Table 1). And the IC50 of

cefazolin sodium and cefonicid sodium are 2.3 and

0.2 �g mL
–1

, respectively. The result indicated that

cefonicid sodium has a stronger inhibition effect than

that of cefazolin sodium on E. coli growth.

Relationship between tm and C

Experimental results for the tm as function of C are

presented in Fig. 3. An increase in the values of tm is

observed when C is increasing. The main reason for

this could be that after the treatment with higher

concentration of cephalosporins, there was a partial

inhibition of the cell and the rest survivors were

maintained growing and metabolizing at slower rates.

For the cefazolin sodium, when its concentration

range is below 1.5 �g mL
–1

, the tm ascends mildly;

when the C reaches 2.1 �g mL
–1

, the postponement of

the tm is largish. And for cefonicid sodium, the tm

increases with the C increase. It implied that its

inhibition toward E. coli growth is more stable than

that of cefazolin sodium. From the data in Table 1, the

relationship between tm and C can be described as:

For cefazolin sodium:

tm=807.3C
3
–1823C

2
–1211C+2259

R
2
=0.9998

For cefonicid sodium:

tm=8494C
2
–853.9C+2280

R
2
=0.9963

Relationship between Pm and C

The values for the Pm obtained from the power–time

curves are summarized in Table 1. As seen from the

table, with the increasing of cefazolin sodium

concentration, the Pm elevates gradually except a

lower value in the concentration of 0.1 �g mL
–1

. The

explanation for this phenomenon may be that the

inhibition is only temporary, and the bacterial can

start growing again, resulting in an increased metabolism

with the higher maximum power output [25]. In the

case of cefonicid sodium, a decrease in the Pm values

with increasing C was observed. This may attribute to

that the number of the survivors is small and

decreases with increasing the cefonicid sodium

concentration. Above results also indicated that

cefonicid sodium has a stronger inhibition on the

growth of E. coli than that of cefazolin sodium.

Conclusions

As shown in this work, the inhibitory effects of two

different generations of cephalosporins on the growth

of E. coli were studied by microcalorimetry. Comparison

of the C–k curves of the two kinds of cephalosporins,

it can be concluded that the two cephalosporins have

the same inhibition mechanism on the metabolism of

E. coli. Moreover, according to the relationship be-

tween tm, Pm and C, one can know that they have their

own characteristics. In addition, the IC50 of cefazolin

sodium and cefonicid sodium are 2.3 and 0.2 �g mL
–1

,

and their lethal doses are 3.0 and 1.0 �g mL
–1

, respec-

tively. These values suggest that the cefonicid sodium

has a stronger inhibition effects than that of cefazolin

sodium on E. coli growth, which is in good agreement

with the clinical manifestations. The work also

proved that the microcalorimetry is a useful technique

that can be applied to study microbial growth and

estimate the efficiency of drugs.
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Fig. 3 The relation of the time corresponding to the maximum

power output (tm) and cephalosporins concentration

(C): a – cefazolin sodium, b – cefonicid sodium



Acknowledgements

The authors gratefully acknowledge the National Natural

Science Foundation of China for financial support to this work

under Grant No. 50671098, 20473091 and 20573112.

References

1 K. A. Caprile, J. Vet. Pharmacol. Ther., 11 (1988) 1.

2 W. Christ, Infection, 19 (1991) S244.

3 A. Chaudhury, Indian J. Med. Microbiol., 21 (2003) 52.

4 G. Opalchenova and G. N. Kalinkova, Int. J. Pharm.,

189 (1999) 235.

5 E. S. Park, M. Maniar and J. C. Shah, J. Controlled

Release, 52 (1998) 179.

6 A. Radi, T. Wahdan and N. A. El-Ghany, J. Pharm.

Biomed. Anal., 31 (2003) 1041.

7 K. L. Heim-Duthoy, G. L. Peltier, D. R. Guay and

G. R. Matzke, Antimicrob. Agents Chemother.,

32 (1988) 485.

8 M. J. Koenigbauer, Pharmaceut. Res., 11 (1994) 777.

9 F. Xu, L. X. Sun, Z. C. Tan, J. G. Liang, C. G. Song and

T. Zhang, 4
th

Internationanl and 6
th

Japan-China Joint

Symposium on Calorimetry and Thermal Analysis,

Fukuoka, Japan 2005, p. 170.

10 L. N. Yang, F. Xu, L. X. Sun, Z. C. Tan, H. D. Tan,

Z. B. Zhao and J. G. Liang, J. Therm. Anal. Cal.,

85 (2006) 807.

11 A. E. Beezer, J. C. Mitchell, R. M. Colegate, D. J. Scally,

L. J. Twyman and R. J. Willson, Thermochim. Acta,

250 (1995) 277.

12 N. R. Lisardo, J. A. R. Anon, J. P. Castineiras and

O. N. Fernandez, Soil Biol. Biochem., 38 (2006) 115.

13 J. C. Zhu, C. H. Li, Y. Liu, Z. H. Zhang, A. X. Hou and

S. S. Qu, J. Therm. Anal. Cal., 83 (2006) 181.

14 R. Zhao, Y. Liu, Z. X. Xie, P. Shen and S. S. Qu,

J. Biochem. Methods, 46 (2000) 1.

15 C. Zeng, J. C. Zhu, Y. Liu, Y. Yang, J. Y. Zhu,

Y. P. Huang and P. Shen, J. Therm. Anal. Cal.,

84 (2006) 625.

16 J. Ma, W. T. Qi, L. N. Yang, W. T. Yu, Y. B. Xie,

W. Wang, X. J. Ma, F. Xu and L. X. Sun, J. Microbiol.

Methods, 68 (2007) 172.

17 H. K. Koblish, S. Y. Zhao et al, Mol. Cancer Ther.,

5 (2006) 160.

18 H. Aki, M. Goto, M. Kai and M. Yamamoto, J. Therm.

Anal. Cal., 57 (1999) 361.

19 A. G. Prado and C. Airoldi, Pest Manage. Sci.,

57 (2001) 640.

20 F. E. Runge and R. Heger, J. Agric. Food Chem.,

48 (2000) 47.

21 J. Rodríguez-A�ón, J. Proupín-Casti�eiras,

M. Villanueva-López and O. Nú�ez-Fernández, J. Therm.

Anal. Cal., 87 (2007) 15.

22 L. N. Yang, S. J. Qiu, F. Xu, L. X. Sun, Z. B. Zhao,

J. G. Liang and C. G. Song, J. Therm. Anal. Cal.,

89 (2007) 875.

23 I. Wadsö, Thermochim. Acta, 394 (2002) 305.

24 C. L. Xie, H. K. Tang and S. S. Qu, Thermochim. Acta,

123 (1988) 33.

25 A. Garedew, E. Schmolz and I. Lamprecht, Thermochim.

Acta, 422 (2004) 115.

Received: August 6, 2007

Accepted: September 12, 2007

OnlineFirst: January 27, 2008

DOI: 10.1007/s10973-007-8680-9

J. Therm. Anal. Cal., 93, 2008 421

ANTIMICROBIAL ACTIONS OF DIFFERENT CEPHALOSPORINS



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


