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i n  the series of cephalosporin derivatives, consisting of cight 7-(R’-C112-CO-NH)cephalosporanic acids 
and  of seven analogical compounds with 3-acctoxymrthyl replaced by 3-CH3, physicochemical properties, 
bvhich are cxpectcd to play a role in their antibacterial effects (the transport rate parameters and partition 
cvefficicnts in  the systems 1-octanol-water and 1-octanol-buffer, dissociation constants of the 4-carboxyl 
group, reactivity towards L-glutathione imitating the nucleophilic groups of the cell components and hydro- 
lysis rate parameters), were determined. Linear dependences were observed between the partition coeffi- 
cients and the x-constants of the varying substituents as well as between reactivity towards SH-groups of 
L-glutathione and OH-groups. The relationship between the transport rate parameters and partition coeffi- 
cients, hoth measured i n  hulfered as well as  non-buffered system, was described by a common non-linear 
rii ua t i  o n. 

Cephalosporins like the penicillins a re  p-lactani antibiotics with a broad antibacterial 
\pectrum. a low toxicity, and minimal undcsirahle secondary effects. Making use of the 
e n w  of modification of the periphcral groups of the cephem nucleus chemists try to 
prepare new seiiiisynthetic arid synthetic cephalosporin derivatives with the aim of 
increasing antibacterial activity, broadening antibacterial spectrum and improving 
phariiiacological properties. Till now several thousands of cephalosporin derivatives 
wrre synthesized but only about rhirty of them are clinically used’. Taking into account 
the increasing nuiiiber of resistant bactcrial strains, the necessity of development of 
new derivatives is still actual. 

The developnirnt of new bioactive dcrivativcs can be rationalised using quantitative 
qtrurture-activity relationships’ (QSAR). In  addition, these methods can provide a 
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deeper insight into the mechanism of action of the studied compounds. With the aim of 
obtaining suitable parameters for QSAR studies, physicochemical properties (acido- 
basicity, hydrophobicity, reactivity) of 15 cephalosporins (structure see above, the 
substituents R’ and R2 are given in Table I) were determined in this study. 

EXPERIMENTAL 

Chemicals 

Cephalosporins I, 111 - XV (Table I)  were s y n t h e t i ~ e d ~ ~ ~  by one of the authors (M. V.) in  the Drug Re- 
search Institute i n  Modra. Cephalosporin I /  is clinically used cephalotin (Biotika, Slovenska Lupfa, 
Czechoslovakia). The infrared spectra were measured i n  KBr pellets. Stock solutions in  dimethyl sulfoxide 
(DMSO) were used for all experiments. The final concetration of DMSO i n  the experiments never excee- 
ded 1%. Other used chemicals were of analytical grade: reduced  glutat at hi one (Fluka, Buchs, Switzerland), 
2,2’-dinitro-5,5’-dithiobenzoic acid (DTNB) (Serva, Heidelberg, Germany), 1-octanol, dimethyl sulfoxide, 
tris(hydroxymethy1)aminomethane (TFUS), acetonitrile, (NH&S04 (all Lachema, Brno, Czechoslovakia). 

The Dissociation Constants 

The values of dissociation constants were determined by the spectrophotometric titration a t  a constant 
wavelength’. A solution of the cephalosporin derivative in DMSO was diluted by distilled water to the 
final concentration 1 . mol dm-’. At proper time intervals during the titration by 0.5~ hydrochloric 
acid both the pH value of the mixture and its UV and VIS apsorption spectra were recorded. The disso- 
ciation constant was determined’ from the pH-dependence of absorbance at the wavelenght of the 
absorption maximum. 

Kinetics of the Reaction of Cephalosporins with ti glut at hi one 

Tripeptide L-glutathione (y-~-glutamyl-~-~ysteinyl-L-glycin) was used as the model nucleophile that imita- 
tes the nucleophilic groups of the cell components. The time course of the reaction in Tris-HCI buff& 
(pH 8, with 1 . mol dm-3 EDTA to prevent L-glutathione from oxidation7) at 25 ‘C  was monitored 
via determination of the free  glutat at hi one concentration using the Ellman method7. The starting concentra- 
tion of  glutat at hi one was 3.6 . mol dm-’. The cepha- 
losporins were added to reaction mixture as a solution i n  DMSO. The final concentration of DMSO never 
exceeded 1 vol. 46. The samples (0.5 ml) for determination of L-glutathione were withdrawn from the 
reaction mixture at proper time intervals and processed by addition of DTNB (0.5 ml, c = 4 mg ml-’) and, 
after two minutes, of methanol (2 ml) for stopping the reaction. The concentration of the resulting 
5-mercapto-7-nitrobenzoic acid was determined spectrophotometricaly at h. 412 nm (the absorption coeffi- 
cient E 1.36 , lo4 mol-’ dm3 cm-’ , ref.7). Under these conditions the reaction of cephalosporins with 
 glutat at hi one is of the second order and its time course can be described by ref.’ 

mol dm-3 and that of cephalosporins 1.4 . 

k z f  = In {ccA/  [ C G E  d(cc - CG) + A ] } / ( c G  - cc), (1) 

where k ,  is rate constant of reaction of cephalosporins with L-glutathione, co and cc are the initial 
concentrations of L-glutathione and cephalosporin, A is absorption at time t ,  E the molar absorption coeffi- 
cient, and d is the lenght of the light path. The rate constant k, was determined by linear regression analy- 
sis according to Eq. (I). 
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Kinetics of Alkaline Hydrolysis 

Alkaline hydrolysis (1 mol dm-' KZHFQ,, pH 12, 25 'C) of cephalosporiw (1 . lo-, mol dm-') was moni- 
tored by the changes in their UV and VIS absorption spectrum. The value of rate constant, k, was determi- 
ned by linear regression analysis according to Eq. (2 )  which is valid for the first order reaction with 
absorbing substrate and product' 

k t  = In(Ao - A c ) / ( A  - A c ) ,  (2) 

where A,  Ao, and A, represent the actual (at the time r ) ,  initial, and final absorbance at the wavelengbt with 
maximal changes of spectra. 

Interphase Distribution 

The distribution behaviour of the cephalosporin derivates i n  the two-phase system -1-octanol-water (or 
1-octanol-phosphate buffer according to Clark and Lubs6, pH 7.4) were characterized by the transport rate 
parameters and by the partition coefficients. The measurements were made i n  a glass vessel' temperated to 
25 'C. The stirring frequency (1.3 s-l) was adjusted so as no concentration gradients could appear i n  either 
phase and the motion of the phase interface was minimal. The measuring vessel was filled with redistilled 
deionized 1-octanol satured with water (175 ml), temperated to 25 'C and surfaced with the solution of the 
respective compound in freshly distilled 1-octanol saturated with water or buffer (20 ml). Samples (2 ml) 
for spectrophotometric determination of the compound concentration were withdrawn from water phase 
with a syringe at proper time intervals. The UV spectra of the samples were recorded in the complete 
spectral range; th is  measurement also served for monitoring. the stability of cephalosporins in the given 
medium. 'Ihe samples were replaced to the vessel immediately after each measurement. Providing that at 
the beginning of partition the compound is present in 1-octanol only and its concentration is co, the time 
course of the concentration in aqueous phase (cl) can be expressed by' 

ci = co h Vz { I  - exp [-S (11 / Vi + Iz / Vz) t ] }  / (It Vi + 12 Vz) . (3)  

Here I ,  and I ,  are the transport rate parameters in  the direction from the aqueous phase to 1-octanol and 
backwards, respectively, Vl and Vz stand for the volumes of aqueous and lsctanol phases, S for interface 
surface and t for time. The time course of the cephalosporin absarbance i n  the aqueous phase is expressed 
by Eq. (3) multiplied by Ed (E is the molar absorption coefficient, d is the length of the light path). 
Rearrangement of Eq. (3) as expressed by absorbance yields': 

A = e d co /z S r / Vi; t -. 0 (4 )  

In  (Ac - A )  = cowl. - S (I1 / Vi + 12 / Vz) t ', (5) 

where A, is the value for absorbance at the end of distribution. The values of transport rate parameters I ,  
and /Z were determined by nonlinear regression analysis'' of the time course of cephalosporin absorbance 
i n  the aqueous phase according to Eq. (3) expressed through absorbance; Eqs (4 )  and (5) served for initial 
assesments of /, and I , ,  respectively. 

RESULTS AND DISCUSSION 

Structure of the investigated compounds, the wavelenght of their absorption maximum, 
the molar absorption coefficients, the values of dissociation constants pK,, the infrared 
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frequency v(C=O), as well as  the rate constants for the reaction with L-glutathione (ksIl) 
and for alkaline hydrolysis (koIl) i n  aqueous solutions are suniiiiarized in Table I. The 
compounds r a n  be subdivided into two groups according to the substituent in  the posi- 
tion 3. The derivatives f - 1///1(3-acetosyniethyl) have the pK, values lower by 0.2 - 0.5 
units than the compounds fX- XV (3-methyl) with the identical substituent in the posi- 
tion 7. All the investigated cephalosporins are totally dissociated under the physio- 
logical conditions. 

As known, antibacterial effect of crphalosporins are elicited by their reactions with 
nurleophilic groups of the enzyme transpeptidase” ujhich play a key role in the synthe- 
sis of cell walls. L-Glutathione was chosen as  a reaction partner for the characterization 
of c-heniical reactivity, since i t  contains the free SH-group of c y t e i n y l ,  which can 
imitate nucleophilir groups of the enzyme. The raie c n n t a n t s  of  the alkaline hydrolysis 
were estiiiiatrd in  order t o  gei insight i n t o  the stability of the tested cninpounds in the 
medium. The conipouiids containing the 3-acetosyniethyl substituent are more reactive 
than those with the 3-niethyl substituent., The dependence of both acidobasirity and 
reactivity on struelure of the studied coaipounds is inore or less parallel, although the 
niutual correlations are not statistic~nlly significant (the correlation roelficieiits r in the 
twn abovetrientioned groups are less than 0.8). The subdivision of the set into two 
groups reflerts a larger inductivc rffect of the 3-niefhyl group i n  comparison with the 
3-acetoxynietbyl substituknt. The suhstituciits i i i  the position 7 also influence the 
observed properties. The- rate paranietcrs for the reaction with  glutath at hi one (ksIl) and 
for  alkaline bydrolysis (koll) are interdcpendent. 

log kstl = (0.383 0.0911 log koI1 t (2.573 2 0.267) 

n = IS, r = 0.950, s = 0 066, F = 106.4 ( 6 )  

In  the whole manuscript n is the iiuiiiber of e s p e r i ~ n e ~ i t a l  points, s is the standard 
deviat ion and F is the value of the Fisher te\t. Thus ,  the reactivity tokards the  
nurleophilic groups of the target eniynie and the stability in the medium, are niutually 
interrelated. This  implies a noii-linear dependence of biological activity on reaciivity, 
because with growing reactivity a point could be reached, when the hydrolysis rate is 
high enough to diniiiiish sigiiificantly Ihe drug concentration before the receptor sites 
dre modified. Investigation of distribution kinetics in a two-phase system is a suitable 
niethod for deteniiinatioii of the partition coefficient, especially in the case when the 
investigated coinpound\ niay undergo hydrolysis or other reactions’. This  method 
provides, in addition to the check of hiability of the compounds, a n  estiiiiate of  the rate 
~ ) f  their distribution between nonpolar and aqueow phascs, a h i c h  r a n  he of importance 
i n  coiinectinn with their passive transport 111 hiological \ystenis. The  distribution 
properties of compound were characterized i n  two sy\teiiis: 1-nrtanol-water and 
I-octanol-buffer (pH 7.4). The results are presented i i i  Table 11. The partition roeffi- 
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cients in  the system with buffered aqueous phase encompass much broader range of the 
hydrophobicity scale than those measured in the 1-octanol-water system. The former 
quantities are in good correlation with the hydrophobicity of other conipounds. This 
follows from Eq. (3, which represents the dependence of the experimental log P values 
of cephalosporins in the buffered system on the sum of empirically derived n-constants 
of varying substituentsI2. 

log P = (0.965 * 0.124) Zln - (1.487 0.162) 

n = 15, r = 0.946, s = 0.415, F = 111.6 (7) 

The hydrophobicities iiieasured in  1-octanol-water system correlate neither with the 
n-constants nor with the logP values from the buffered system. Van de Waterbeemd 
and co-workers published a close relationship between the transport rate parameters 
and partition coefficients'3, which is valid not only for electroneutral niolecules, but 
also for ionized species and ion pairs. As this finding is extremely important for an 
assessment of the drug distribution in biological systems, i t  was interesting to test 
whether our data follow the trends outlined in this study'3. The dependence of the 

TABLE 11 
The distribution properties of cephalosporins I - XV (structures in Table I )  - the transport rate parameters 
in the direction water (bufferbl-octanol (I,) and backwards (12) in m s-', the partition coefficients P = I, / I,, 
and the sum of n-constants of the varying substituents'* 

Redistil led water Buffer (pH 7.4) 
Compound 

log P -log / I  -log I ,  log P -log I, -log I2 

I 
I1 
Ill 
IV 
V 
VI 
VII 
Vlll 
IX 
X 
XI 
XI1 
XI11 
XIV 
XV 

0.199 
0.173 

0.717 

0.722 
0.170 
0.773 

0.748 
0.290 
0.555 
0.519 

-0.104 
0.3 12 

- 

-0.059 

-0.130 

3.199 
3.989 

3.624 
4.222 
3.761 
4.237 
3.749 
4.249 
3.992 
4.041 
4.038 
3.9 11 
4.181 
3.821 

- 

4.193 
4.200 

4.341 
4.163 
4.483 
4.407 
4.522 
4.119 
4.740 
4.331 
4.593 
4.43 1 
4.076 
4.133 

- 
0.563 
0.554 
0.091 

-0.185 
2.055 
2.760 
2.415 
2.778 

-0.295 
-0.570 

1.661 
2.375 
2.380 
0.179 
0.168 

3.840 
3.847 
4.101 
4.301 
3.642 
3.590 
3.610 
3.615 
4.457 
4.673 
3.616 
3.600 
3.598 
4.059 
4.065 

4.431 
4.440 
4.199 
4.115 
5.765 
6.462 
6.057 
6.510 
4.101 
4.025 
5.331 
6.069 
6.000 
4.215 
4.229 

1.78 
1.78 
1.31 
1.03 
3.27 
3.98 
3.63 
3.99 
1.70 
1.42 
3.66 
4.37 
4.38 
2.17 
2.17 
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transport rate parameters I ,  and I2 for the transfer of the solute from the aqueous phase 
to 1-octanol and backwards, respectively, upon the partition coefficient P can be 
expressed13 as ~ O I I O W S .  

log I ,  = log P - log [(0.350 * 0.121) P t 11 - (4.056 i 0.421) 

n = 29, r = 0.967, s = 0.101, F = 51.4 (4 

log 12 = - log [(0.500 * 0.198) P t 11 - (3.985 i 0.356) 

(9) n = 29, r = 0.967, s = 0.097, F = 73.4 

A good agreement of the experimental data with Eqs (8) and (9) can be seen also in 
Fig. 1. Interestingly enough the data iiieasured in both 1-octanol-water and l-octanol- 
buffer system can be combined and described by common Eqs (8) and (9). The data 
measured in the unbuffered system (empty points) show much narrower distribution 
along the log P scale a s  cornpared with those deteriiiined in  the 1-octanol-buffer 
system (full points). Nevertheless, their adherence to the lines which represent Eqs (8) 
and (9) is quite satisfactory. 

The set of physicochetnical properties as given in Tables I and I1 can be used for 
derivation of model-based QSAR equations for description of structure non-specific 
processes (transport through the cell membranes, non-specific protein binding, sponta- 
neous hydrolysis), which cephalosporins undergo in bacterial suspensions. 

FIG. 1 
The dependence of the transport rate 
constants in the direction from water (empty 
symbols) or buffer (full symbols) to l-octa- 
no1 ( I ,  in m s-', circles) and backwards (/* in 
m s-', squares) on the corresponding l-octa- 
not-water or 1-octanol-buffer partition 
coefficient P of cephalosporins I - X I ,  

~~ ~ 
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