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   The effects of a new fluorinated macrolide (P-0501A) on drug metabolizing enzymes of 
rat liver were compared with three erythromycins-the base, the stearate and the estolate-
after 7 days of dosing (1.36 mmol/kg po daily). The three erythromycins induced the syn-
thesis of microsomal enzymes, but the products of their metabolism inactivated cytochrome 
P-450 in the order base<stearate<estolate. N-Demethylation of erythromycin and amino-

pyrine increased, while O-demethylation of 4-nitroanisole was reduced and hydroxylation 
of aniline was not changed after in vivo treatment. Pentobarbital sleeping time was prolonged 
and liver glutathione levels were lower in treated rats than in controls. In contrast to the 
three erythromycins, P-0501A did not induce the synthesis of microsomal enzymes, did not 
form an inactive complex with cytochrome P-450 and did not affect mono-oxygenase ac-
tivities or pentobarbital narcosis.

   Erythromycin, like the other macrolide antibiotics with a tertiary amine group, induces the syn-

thesis of drug metabolizing enzymes in rat liver. However, this induction also promotes transforma-

tion of erythromycin (demethylation and oxidation) into a metabolite which binds to the Fe(II) of 

cytochrome P-450 and inactivates it1)). Several erythromycin derivatives produce similar effects and 

the estolate, a combination of the propionate salt of erythromycin with the detergent lauryl sulfate, 

appears the most active2,3). In humans too, therapeutic doses of erythromycin propionate inactivate 

cytochrome P-4504). Administration of erythromycin together with ergotamine, theophylline or 

warfarin may provoke ischemiasl, theophylline intoxication') or haemorrhage7), confirming that 

erythromycin interferes with drug metabolism in man. Thus, synthesis of a macrolide which does 

not influence detoxification of other compounds will be important for patients needing treatment 

with several drugs. A new fluorinated macrolide ((8S)-8-fluoroerythromycin A) (P-0501A), recently 

synthetized by Pierrel R. & D. Division, Italy') was found to have in vitro the same antibacterial ac-

tivity as erythromycin base but was more stable in acid solution, more bioavailable in laboratory 

animals',") and less toxic in cell culture than the erythromycin base11). 

   This paper compares the effects of P-0501A, erythromycin base, estolate and stearate on drug 

metabolizing enzymes in rat liver.

Materials and Methods

Chemicals 

The 4 macrolides, P-0501A, erythromycin base, estolate and stearate were kindly supplied by

tt Scientist of the CNR (National Research Council) Center of cytopharmacology .
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Pierrel S.p.A.. Milan, Italy. All other chemicals were analytical grade. 

   Animals 

   Male Crl: CD (SD) BR rats (Charles River, Calco, Italy) weighing 150~ 170 g were fed a standard 
diet (Altromin MT) ad 1/b (Rieper, Vandoies, Italy) and housed under controlled conditions (22-
0.5°C, 55 % relative humidity, 12: 12-hour light/dark cycle). 

   Treatments 
   Rats were given orally (by gastric tube) suspensions of the erythromycins in corn oil-1.36 mmol/ 
kg divided in two daily doses-for 7 consecutive days. Control animals received 8 ml of corn oil/kg 
daily. Animals were used 24 hours after the last dose for preparation of liver microsomes and for 
other tests. 

   Assays 

   1) Drug metabolizing enzymes-Microsomes were prepared as previously described12) and 
microsomal protein13), cytochrome b514), uncomplexed cytochrome P-45014) and NADPH-cytochrome 
c reductasels15) were determined. The total amount of cytochrome P-450 was measured by the same 

procedure 14) after first adding 50 µM potassium ferricyanide to another batch of microsomes. N-
Demethylation of erythromycin16) and aminopyrine17), O-demethylation of 4-nitroanisol and hy-
droxylation of aniline18) were assayed using both untreated and treated (50 ,um ferricyanide) microsomes. 

   2) The in vivo formation of complexes absorbing at 456 nm was measured with a microsomal 
suspension (2 mg protein/ml) after addition of 50 uM potassium ferricyanide to the reference cuvette. 
The difference spectrum was recorded from 400 to 500 nm1). 

   3) The binding spectra of erythromycins with cytochrome P-450 Fe(III) were recorded from 
360 to 500 nm after addition of increasing amounts of the drugs dissolved in ethanol to microsomes 

(2 mg protein/ml)1). 
   4) Serum Enzymes: Activities of glutamate-oxalacetate transaminase (GOT) and alkaline phos-

phatase were measured by standard kits (Biochemia Boehringer, Mannheim, W. Germany). 
   5) Sleeping time induced by pentobarbital (25 mg/kg, iv) was measured by following the dura-

tion of loss of righting reflex. 
   6) Hepatic glutathione was evaluated as SH groups not bound to protein (NP-SH)19) 
   7) Statistical significance of the results was analyzed by DUNNETT's test"'. 

                                   Results 

   Seven days' treatment of rats with P-0501A, erythromycin base and stearate (1.36 mmol/kg po 

daily), did not alter body weight, or activities of S-GOT and alkaline phosphatase in comparison with 

controls (data not shown). Only erythromycin estolate slowed the increase of body weight starting 

from the 4th day of treatment. The increases in liver weight, in the concentration of microsomal

Table 1. Effects of various erythromycins (E) on hepatic drug-metabolizing enzymes.

 Treatment 
(1. 36 mmol/kg 
   daily) 
 for 7 days

Control 

E. Base 

E. Stearate 

E. Estolate 

P-0501 A

Liver weight o 
Body weight (%)

4.5+0.1 

5.0 0.1b 

4.7+0.1 

5.0+0. 1 b 

4.5+0.1

Microsomal 
 protein 

(mg/g liver)

22.3+0.6 

23.0±0.6 

22.2+0.9 

25.8+0.8'' 

21.0+0.4

NADPH-cytochrome c 
     reductase 

  (nmol/minute/mg 
      protein)

97.4+3.5 

116.3+4.8a 

108.7+7.5 

150.7+4.9b 

93.9+6.8

 Cytochrome b5 
(nmol/mg protein)

0.511 +0.013 

0.600+0.017b 

0.569+0.014a 

0.618±0.008' 

0.519+0.017

Results are means+S.E.M. of nine rats. 
a P<0 .05 vs. control (DUNNETT'S test). 
b P<0 .01 vs. control (DUNNETT'S test).
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protein, NADPH-cytochrome c reductase and cytochrome b, showed that erythromycin base, stearate 

and particularly estolate were inducers of hepatic drug metabolizing enzymes (Table 1). The con-

centration of CO-binding, free cytochrome P-450 was also significantly raised in livers of treated rats. 

However, part of the cytochrome P-450 was bound in complexes with erythromycin metabolites 

and did not bind CO (Table 2). The Soret peak determined in the cytochrome complexes at 456 nm 

was similar in rats treated with erythromycin base and stearate, but much higher in animals treated 

with estolate. The reverse type I binding spectrum of erythromycins to microsomes was also similar 

for the base and stearate and bigger for the estolate (Table 2). Correspondingly, N-demethylation of 

erythromycin and aminopyrine increased, particularly after breaking the complex with potassium 

ferricyanide (Table 3). Other enzymatic activities were affected to different degrees by erythromycin 

treatment; O-demethylation of 4-nitroanisole was significantly reduced by estolate (Table 3) and was 

not influenced by the treatment with ferrycyanide, hydroxylation of aniline was not changed (data 

not shown). Pentobarbital sleeping time increased after erythromycin base, stearate and estolate 

(Table 3). Levels of hepatic glutathione were reduced after treatment with estolate and base (Table 4). 

   In contrast, P-0501A did not induce biosynthesis of microsomal enzymes; liver weight, micro-

somal protein concentration, cytochrome b, content and NADPH-cytochrome c reductase were not 

changed (Table 1). The concentration of cytochrome P-450 was not modified, and there was no 

evidence of complex formation between metabolites of P-0501A and cytochrome P-450. The micro-

somes did not give any Soret peak at 456 nm and their CO-binding capacity was not influenced by 

the addition of potassium ferricyanide (no binding spectrum was induced by pretreatment with the 

fluorinated macrolide (Table 2)). P-0501A demethylation in non-treated controls was significantly 

higher than that of the other three erythromycins but in P-0501A-treated rats its demethylation was 

increased by only 30% (Table 3). N-Demethylation of am inopyrine, O-demethylation of 4-nitroanisole 

and hydroxylation of aniline were not significantly modified. Pentobarbital sleeping time was similar 

to controls (Table 3) and levels of hepatic glutathione were not reduced by the treatment (Table 4).

Discussion

   Repeated administration of erythromycins to humans and rats induces biosynthesis of microsomal 

enzymes and promotes formation of metabolites which bind and inactivate cytochrome P-450. The

Table 2. Effects of various erythromycins (E) on the hepatic monoxygenase system.

  Treatment 
(1.36 mmol/kg 

   daily) 
  for 7 days

Control 

E. Base 

E. Stearate 

E. Estolate 

P-0501 A

Uncomplexed Total 
cytochrome cytochrome 

   P-450 P-450 
    (nmol/mg protein)

0.67±0.05 0.60+0.05 

0.84+0.040 1.08 +0.05d 

0.93+0.06d 1.17±0.16d 

1.05+0.05d 1.93+0.07d

0.66+0.03 0.61+0.05

Complexed 
cytochrome 
  P-450 

  (%)

22 

21 

46

Induced 
P-4500 

Control 
P-450

1.00 

1.80 

1.95 

3.22 

1.00

  456-nm 
absorbing 
complexes 

(O.D. 456~
490 x 10-3)

 NDb 

26.2±2.4 

16.8+1.9 

130.0+4.9 

 ND

Reverse type I 
  binding 
  spectrum 
(O.D. 390~ 4

22 x 10-3)

  ND 

21.9±2.1 

 18.0±2.0 

200.0±8.2 

 ND

Results are means+S.E.M. of nine rats. 
0 Ratio of cytochrome P-450 in treated and control rats . 
b ND: Not detectable . 
  P<0.05 vs. control (DUNNETT'S test). 
d P<0 .01 vs. control (DUNNETT'S test).



Table 3. Effects of various erythromycins (E) on hepatic microsomial activities.

   Treatment 
(1.36 mmol/kg daily) 

   for 7 days

Control Substrate 

        E. Base 

       E. Stearate 

       E. Estolate 

      P-0501 A 

E. Base 

E. Stearate 

E. Estolate 

P-0501 A

   Erythromycin demethylase* 
(nmol HCHO/10 minutes/mg protein)

Potassium ferricyanide (%)° 
without with

 5.6+0.9 

 5.3±1.0 

6.1+0.8 

10.5+1.2° 

16.8±1.4d 

14.6±1.6d 

22.8+2.4d 

14.1+0.7e

5.8±0.8 (100) 
5.2+1.1 (100) 
6.2+0.5 (100) 

10.6+1.6°(100) 
20.5±1.5d(354) 
18.5+2.7d(356) 
27.8+2.6d(444) 
14.0+1.0°(131)

   Aminopyrine N-demethylase 
(nmol product/30 minutes/mg protein)

  Potassium ferricyanide (%) 
without with

7.2±0.6 

7.5+0.3 

8.7±0.8 

9.5+0.6e 

8.5-1-1.0

8.2±0.6 (100) 

10.5+0.4e(128) 
11.1±0.7e(136) 
13.8±0.9d(169) 
9.8±1.0 (120)

4-NO, Anisole 
O-demethylase** 
(nmol product/ 
30 minutes/mg 
 protein) (%)

9.4+0.5 

8.1±0.5 ( 87) 
8.1+0.9(87) 
6.2+0.3d( 66) 
9.7±0.4 (103)

Pentobarbitalb 
sleeping time

minutes

21±1 

38+6d 

41 +4d 

44+3d 

26--3

(100) 

(181) 
(195) 
(210) 
(124)

Results are means±S.E.M. of seven rats. 
* Demethylation of E . Base, E. Stearate, E. Estolate and P-0501A was studied in rats treated with the corresponding erythromycins. 

** There was no difference between results obtained with ferricyanide treated and untreated microsomes (see text) . 
° Activity is expressed as a percentage of the corresponding control . 
b Pentobarbital was given intravenously at the dose of 25 mg/kg . 

   P<0.01 vs. E. Base, E. Stearate and E. Estolate (DUNNET's test). 
d P<0 .01 vs. control (DUNNETT's test). 

   P<0.05 vs. control (DUNNET's test).
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hydrophobic character of the erythromycin 

molecule and the presence of an accessible N-

dimethylamino group seem responsible for this3). 

In fact, erythromycin estolate, being more 

hydrophobic than the base and stearate, is more 

active in inducing enzymes of the microsomal 

mixed function oxidase system, cytochrome b5, 

NADPH-cytochrome c reductase and cytochrome 

P-450. Moreover, the amount of cytochrome 

P-450 inactivated by complexing with erythro-

mycin estolate is double that formed with the 

base and stearate. Our data are in agreement 

with previous results3).

   Erythromycins induce more N-demethylation of various substrates (aminopyrine, erythromycin) 
than O-demethylation or hydroxylation and reduce the concentration of glutathione in liver (cf. tro-
leandomycin21)). 
   The characteristics of the new fluorinated macrolide P-0501A differ from those of the other ery-
thromycins studied. P-0501A is more stable in acid solution, suggesting less inactivation in the 

stomach9)', reaches higher blood levels in laboratory animals9,10) and is less toxic for cultured liver 
cells11). P-0501A does not induce biosynthesis of microsomal enzymes and does not form cytochrome 
P-450 metabolite complexes. In untreated controls it is demethylated more than the other erythro-
mycins, though, after prolonged treatment, its metabolism increases only slightly (by 30%). How-
ever, the demethylation observed may be that of the methoxy function, rather than that of the tertiary 
amine function, of the fluorinated macrolide. 

   It may be interesting to study the formation of P-0501A metabolites in order to understand the 
drug's different effect on monooxygenase activities. It has been shown22,23) that the replacement of 
an atom of hydrogen by fluorine, which is nearly isosteric but considerably more electro-negative than 
hydrogen, may significantly affect the chemical and biological properties of the molecule or of the 
neighboring groups. Actually the partition coefficient of P-0501A is considerably lower than that 
of erythromycin base (data not shown). This characteristic may explain why the molecule does not 
affect the mono-oxygenase system and agrees with data referring to other erythromycins2.3). All 
these properties of P-0501A suggest that this new antibiotic may offer some advantages for therapeutic 

purposes.
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