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Abstract

The effect of electron radiation o( an energy of 10 MeV
on chemo-radiation changes occuring in erythromyc'ii base
and its esters have been studied. No radiation damages of
the molecule which could effect its antibiotic power have
been found. The gaseous products formed are mainly due to
the decomposition of the li-membor ei-ythronolide and the
ester chain. No change in the. desosamine system particularly
in the N, N-dimelhylaminc arrangement have boon observed.

Streszczenie

Badano wpływ pi"omieniowania elektronowego o energii
10 MeV na zmiany chemo-radiacyjne w zasadzie oraz estrach
erytromycyny. Nie zaobserwowano wpływu promieniowania na
moc antybiotyczna badanych preparatów. Tworzące się pro-
dukty gazowe pochodzą, przede wszystkim z rozkładu li-czlo-
nowogo erytronolidu i łańcucha estrowego. Nie stwierdzono
rozkładu ugrupowania N, N-dwumetyloaminowego w desosaminie.

Резюме

Изучалось влияние облучения электронным пучком
энергией 10 Mev на хеморадиационные изменения в осно-
вании и эмирах эритромицина. Антибиотическое действие
препаратов не уменьшалось после облучения. Образующиеся
газовые продукты связаны с разложением И-членного
электронолида и эфирной цепи. Не обнаружено распада
N , N-диметиламинового фрагмента в деэозамине.
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Erythromyein - a polyhyclroksyladone consists of desosamine,
cladinose and crythronolidc. The latter is a li-member lactone
with one keto-group, five hydroxyl, six methyl groups and one
ethyl group. Cladinose and desosamine are bound by a lactone
ring through Л -glycosido bonding.

С " ~~

N(CHj)2

- 1 -



The N, N-dimethylamine system in. desos.-imine fragment determines
the biological activity of the antibiotic. This systeui must be pre-
served during any chemical modyfications of an erythromycin done
in order to remove bitter taste, to improve solubility or to broaden
the spectrum of biological activity' [1, 2J.

Of all hydroxyl groups present in the molecule the most reactive
is the secondary hydroxyl group at С-2 in desosamine. Erythго-
myci n esters at C-2 are inactive until they have been hydrolized,
they do not reacts with bacterial ribosomes hence they do not hinder
synthesis of protein by the microbes [3] . The present work discus-
ses the results of investigations on the possibility of radiation steri-
lizations of erythromycin base, as well as their stearate-ester and
propionate-ester in the form of lauryl sulphate.

The investigations include the determination of desosamine content
[4,5] , of the intact N ,N-dimethylamine system by determining
N—»Oxide [5] , evaluation of biological activity and formation of
gaseous products. In addition polarization angle was determined and
attempts were made to separate and identify the solid products formed.

The absorption spectrum of the studied antibiotics shows a maximum
at 206-203 nm in addition to those described in the literature. This
maximum indicates the presence of an impurity of a cC , /3 -unsaturatoci
dilactane.

A slight broadening of the absorption band towards longer wave-
lengths suggests that the initial product may contain N—*- Oxide
absorbing at 231 nm. The presence of N — * Oxide crmot be ex-
cluded, because the N, N-dimethylamine group is very liable to oxida-
tion, leading to the loss of the biological power of the molecule.

EXPERIMENTAL

The irradiation was performed on a linear electron accelerator LAH
/10 MeV electrons, power 5 k\V/[6, 7]. Erythromycin. /manufactured
by Tarchomińskie Zakłady Farmaceutyczne "Polfa"/ was irradiate:!
in the solid state in tho air, with a dose up to 2.7 Mrads. The dose
was determined using an absolute calorimetric method and by moans
of a PCV dosimeter.

After irradiation a decrease of absorbance of alcoholic solutions
of crythromycinc at 206 nrn has been found, lu the case of erythr^-
mycin base the absorbance of cX. , /3 -unsaturated dilactonc decreases
rapidly in the dose range up to ] Mrad, than, the decomposition
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process attains the equilibrium state. For stcarate and laury] sul-
phate of propionic ester of erythromycin in the dose range up to
1.5 Mrad decomposition does not practically occur while above this
dose the content of unsaturated dilactone decreases significantly.
/ F i g . l . / .
No formation of N-«-O was observed after irradiation of erythro-
mycin while the eventual initial N—*O constant in the erythromycin
base decreased rapidly up to a dose of 0.5 Mrads. /F ig .2 . / .

Absorption measured at a wave length X" 278 nm characteristic
for the biological activity of erythromycin, does not change under
irradiation, but the low molar, absorptivity / £ = 27/ did mot permit
accurate quantitative determination of the changes. The comparison
of the curves obtained on the basis of absorption measurements and
these of the determination of biological /activity/ confirms the
absence of important radiation changes which could affect antibiotic
properties of the molecule. /Figs.3 and 4-/.

Drastic hydrolysis of erythromycin in the presence of 13 N H2SO/
leads to the formation of desosamine which absorbs at 4-85 nm. The
results of the determination of this product in irradiated erythro-
mycips indicate high stability of the base and of lauryl sulphate of
propionic ester of erythromycin, as well as, slight changes occuring
in-stearate above a dose of 1.5 Mrads. /F ig .5 / .

The spectrum of products of acidic hydrolysis of erythromycins

indicates also absorption at 23o nm characteristic for JZ = С ̂ С —

of erythralosamine. The absorbance at 236 nm decreases as the
dose increases. /Fig.6./.

Irradiation of erythromycins with a dose of 2.5 Mrads leads to
the formation of gaseous products. The results obtained are shown
in Table 1. Conditions of irradiation, particularly the moisture con-
tent of the atmosphere surrounding the antibiotics before irradiation,
have no effect on the radiation yields o[ gaseous hydrocarbons. The
content of low-boiling hydorcarbons was lower in the erythromycin
base than in its ester. On the other hand the radiation yield of
gaseous products for example, II2, CO is higher for erythromycin
than for its esters.

This seems to be obvious due to the long aliphatic chain in the
esters, which is the source of volatile hydrocarbons. /Table 1/.
In addition Jo the gaseous products specified i.i Table 1 formation
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of high boiling products was observed e.g. methanol or formal-
dehyde with yields lower than thai of propane.

Attempts to separate and identify solid products of radiolysls by
means of extraction, thin-layer chromatography and IR examination,
failed due to the low yields and insufficient sensitivity of the methods
used. Two percent suspensions .prepared in water from erythromycin
irradiated in air with 2.5 Mrads undergo slight acidification, the
lowest pH value being attained by erythromycin stearate. /Table 2/ .

Similar changes were observed in polarisation angle. The greatest
changes occur for stearate ester, the smallest for the free base.
But the results concerning the changes of polarisation angle are not
reliable. In view of very low values of the polarisation angle the
error of measurement is significant and the scatter of results very
large. /Table 3 / .

The above studies indicate high radiation stability of the N,N-di-
methylamine system. Neither formation of N—-O was observed, nor
destruction of the main desosamine fragment. No effects of radiation
on all three erythromycins examined were similar. The higher yields
of gaseous products in erythromycin stearate are due to the destruc-
tion of the aliphatic chain. Trace amounts of mcthanol and formal-
dehyde and a relatively high yield of CO indicate decomposition of
the lZ-member erythromohde and oxidation of its numerous methyl
groups.

This work has shown up that the electron irradiation dose up to
2.7 Mrads of electron irradiation is sufficient to ensure sterility of
the irradiated products, and doesn't cause significant changes in
the biological activity of the antibiotics examined.
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TABLE 1. Yields of gaseous products formed during radiolysis of erythromycin irradiated
in air in LAH /dose 2.5 Mrads/.

Sample

Erythro-
mycin

base

Erythro-
mycin

stearate

Lauryl-
sulphate
of propio
nic ester

Moisture
content
of air

60

20

60
20

60

H 2

G

1.27
1.24

0.87
0.906

0.856

mg/g
xlO3

8.57
8.37

5.83
6.09

4.62

CO

G

1.72
2.06

0.97
1.35

0.454

mg/g

0.162
0.196

0.091
0.128

0.0349

C H 4

G

0.33
0.33

0.42

0.0135

mg/g
xlO2

1.1
1.1

1.7

0.061

с2нл

G

0.008
0. 011

0.013
no ef

mg/g
xlO4

4.4
6.6

9.2

"ect of

C 2 %

G

0.009
0.009

O.ulS

drying

mg/fi
xlO"

5.3
5.3

14

C3»6

G

0. 0002
0.0002

0.0005

rag/g
xlC

traces

0.51

o i?

G

0. 0007

0.0004

0.00025

mg/s
xlO5

6.2
3.6

2.73

total yield of hydrocarbons over C^(

counted on n-heksanc equals 4.5xlO"5 mg/g



TABLE 2. pH-change of 2% aqueous suspensions of crythromycin
irradiated with a dose of 2.5 Mrads.

.Erythromyciii

Base

Stearate

Laurylsulphate of
propionic ester

В efore
irradiation

9.5
8.55

7.45

After
irradiation

9.3
7.95

7.35

TABLE 3. Change in polarisation angle of 0.8% solutions of
erythromycin in methanol irradiated with a dose
of 2.5 Mrads.

Erythromycin

Base

Stearate

Laurylsulphate of
propionic ester

K°
before

irradiation

-53.8
-59.4

-47.2

Г / I 2 0

after
irradiation

-52.5
-44.2

-40.0
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FIG.l. The effect of radiation on the substance, contained
in erythromycin, showing absorption at 206 nm

1 - erythromycin base
2 - erythromycin stearate
3 - laurylsulphate of propionic ester of erythromycin.
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FIG.2. The effect of radiation on N~«-O showing absorption
at 231 nm

1 - erythromycin base
2 - laurylsulphate of propionic ester of erythromycin
3 - erythromycin stearate.
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F1G.3. The effect of radiation on absorbance of erythromycin
1 - laurylsulphate of propionic ester of erythromycin
2 - erythromycin base
3 - erythromycin stearate.
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FIG. 4. The effect of radiation on biological activitj'
of erythromycin

1 - erythx'omycin base
2 - erythromycin stearntc
3 - laurylsulphate of propiotuc ester of erythromycin.
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FIG. 5. The effect of radiation on dososamine, formed as a result
of drastic hydrolysis of erythromycin solutions

1 - erythromycin base /13 N ibSO^/
2 - erythromycin base /16 N U9SO//
3 - erythromycin stearate /13 and lG N H2SCV/
Л - laurylsulphate of propionic ester of erythromycin

/13 N, 16 N H2SOA/.
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FIG.6. The effect ot radiation on formation of the
substance absorbing at 236 nm

1 - erythromycin base
2 - erythromycin stearate
3 - laurylsulphate o[ propionic ester

of erythromycin.
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