Original article

In vitro study of the effect of different ionophore
antibiotics and of certain derivatives on rumen
fermentation and on protein nitrogen degradation
M.-C. Hillaire
1

C.

J.P. Jouany

Gaboyard

Station de recherches sur la nutrition des herbivores, unit6 de la

G. Jeminet
digestion microbienne, INRA,

Theix, 63122 Ceyrat, and
2

Laboratoire de chimie organique biologique, UA 485 du CNRS, Universite Blaise-Pascal
Les C6zeaux, 63170 Aubiere, France

(Clermont-Ferrand),

(received 26 August 1988, accepted 23 February 1989)

Summary - An

in vitro study was carried out to evaluate the effect of different ionophore antibiotics
of their derivatives on rumen fermentation and on the degradation of peanut meal
nitrogen. The increase in the production of propionic acid at the expense of acetic acid, observed
with lonomycin, nigericin, cationomycin and lysocellin, was identical to that noted with monensin.
The decrease in methanogenesis observed in the presence of monensin was also found with
cationomycin and lysocellin. With the exception of lysocellin, which greatly reduced protein
degradation of peanut meal, and of nigericin, which had no effect on this parameter, the 2 other
molecules presented the same action as monensin. The negative effect of monensin on microbial
ammonia uptake was demonstrated with the same intensity in the presence of cationomycin; it was
slightly higher with nigericin and particularly accentuated with lonomycin and lysocellin. Three ester
derivatives of monensin (monensin acetate, monensin propionate and monensin butyrate) had a
similar action to that of monensin on the orientation of rumen fermentations. The monensin
isobutyrate derivative appeared to be more active than monensin and only weakly altered microbial
ammonia uptake. The oxolonomycin and hydroxolonomycin derivatives behaved identically to
lonomycin with respect to microbial metabolism and protein nitrogen degradation. Unlike the
molecules from which they derive, the deacylated cationomycin and nigericic acid had no effect on
the orientation of rumen fermentations. Of the compounds tested and presenting a potential ’growthpromoting action’ at least comparable to that of monensin, and which demonstrated lower toxicity on
mice, three molecules (oxolonomycin, lysocellin and cationomycin) appeared to present a
zootechnical interest as feed additives for growing cattle.
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Résumé - Etude in vitro de l’influence de différents antibiotiques ionophores et de certains
dérivés sur les paramètres fermentaires du rumen et sur la dégradation de l’azote protéique.
Une étude in vitro a été conduite afin de tester l’influence de différents antibiotiques ionophores et
certains de leurs dérivés sur les paramètres fermentaires du rumen et la dégradation d’une source
azotée protéique (tourteau d’arachide). L’augmentation de la production d’acide propionique au
détriment de l’acide

acétique

observée

avec

la

lonomycine,

la

nigéricine,

la

cationomycine

et la

lysocelline a été identique à celle due à la monensine. La réduction de la méthanogenèse notée en
présence de la monensine a également été retrouvée avec la cationomycine et la lysocelline. A
l’exception de la lysocettine qui a fortement diminué la dégradation des protéines du tourteau
d’arachide et de la nigéricine qui n’a eu aucun effet sur ce paramètre, les molécules ont présenté
une action de protection comparable à celle de la monensine. L’effet négatif de la monensine sur la
quantité d’ammoniaque fixée par les bactéries apparaît également, et avec la même intensité, avec
la cationomycine; il est légèrement supérieur avec la nigéricine, et particulièrement accentué avec
la lonomycine et la lysocelline. Trois dérivés esters de la monensine (monensine acétate,
monensine propionate, monensine butyrate) ont eu une action semblable à celle de la monensine
sur l’orientation des fermentations dans le rumen. Le dérivé monensine isabutyrate semble plus
actif que la monensine et n’a que faiblement aHecté la quantité d ammoniaque fixée par les
bactéries. Les dérivés oxolonomycine et hydroxolonomycine ont eu un comportement identique à
celui de la lonomycine à l’égard du métabolisme microbien et de la dégradation de l’azote
protéique. Contrairement aux molécules dont ils sont issus, la cationomycine déacylée et l’acide
nigéricique n’ont eu aucun effet sur l’orientation des fermentations dans le rumen. Parmi les
composés testés, qui ont présenté une activité &dquo;promoteur de croissance» au moins comparable à
celle de la monensine et dont la toxicité déterminée sur souris est moindre, trois molécules
(oxolonomycine, lysocelline et cationomycine) seraient susceptibles de présenter un intérêt
zootechnique chez les bovins en croissance.
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Introduction

lonophore antibiotics were initially used
for their anticoccidial activity in poultry.
Their growth-promoting
effect was
demonstrated in 1975 (Raun, 1974) when
one of them, monensin, was used as feed
additive for ruminants. Various in vitro and
in vivo studies have defined their action
on the orientation of rumen microbial
metabolism (Durand, 1982; Bergen and
Bates, 1984; Schelling, 1984). The
increase in propionate at the expense of
acetate, combined with a reduction in
methanogenesis,
improves
energy
metabolism.
In
addition,
limiting
degradation of dietary proteins in the
rumen ensures a higher intestinal supply
of a-amino feed nitrogen. However,
ionophore antibiotics can have a negative
effect on microbial protein flow in the
intestine. This effect is generally clear
when measured by in vitro tests, but it
disappears or is smaller when measured
on animals adapted to diets containing an
ionophore feed additive. In total, the a-

-

acide(s) gras volatil(s)

-

gaz

amino nitrogen is not really modified
because of the opposite evolution of its
two components: feed and microbial
nitrogen. Therefore, ionophore addition
could lower the a-amino supply for
animals fed on diets rich in non-protein

nitrogen.
However, the development of these
molecules was limited by their toxicity and
by the absence of precise data on their
behaviour in animal tissues. Monensin
has been the cause of severe intoxication
in some farms following overdosage in the
feed or by lack of homogenization of the
feed mixture (Wardrope et al., 1983). At
present, only monensin is approved in
France, whereas monensin and lasalocid
are both commonly used in the United
States as growth promoters in young
cattle. The European Commission of
Additives, whose regulations on toxicity
are very strict, have yet to approve any
new molecules. This was the situation
when we started to test the effect of new
ionophore antibiotic molecules on rumen
fermentation parameters and on the

degradation of a protein nitrogen source
(peanut meal) in comparison with a
reference molecule, monensin.
We modified the structure of the
molecules in order to change their toxicity
level and thus explain the mode of action
of ionophore antibiotics. We were
particularly interested in the effects these
modifications might have on rumen
fermentation parameters.

Materials and Methods

lonophore antibiotics tested
During this study, we evaluated 5 natural
ionophore antibiotics and 14 derivatives of 4 of
them (Table I). Each antibiotic was tested using
1 mg per fermenter, which was equivalent to 66
mg/kg of solid substrate added or 2.6 mg per
liter of liquid in fermenters.
In vitro

study method

A
’batch’-type experimental
described by Jouany and Thivend

apparatus

(1986)

was

used to determine the action of the different
ionophore antibiotics on the main rumen
fermentation parameters.
The inoculum was composed of a mixture of
the fluid and solid contents of the rumen
removed from 5 rumen-fistulated sheep. These
animals were daily fed 800 g of dehydrated
alfalfa, 200 g of chopped wheat straw, 150 g of
ground and pelleted barley and 250 g of natural
prairie hay, given in 2 meals.
The test started by introducing into each
fermenter the following inoculum: 100 ml of
total rumen contents, 100 ml of the fluid
obtained by filtration trough a metallic sieve and
200 ml of a buffer solution (artificial saliva)
*
previously maintained at 40 °C and saturated in
2 (pH 6.9). For each fermenter, a supply of
C0
ammonium sulfate (5 ml of a 17.6% w/v
solution) ensured the nitrogen (187 mg) and
sulfur (212 mg) needs of the microorganisms.
The energy source was supplied either by
wheat starch (control fermenters) or by wheat
starch added to peanut meal providing 125 mg
of nitrogen (experimental fermenters). Eight
fermenters were simultaneously incubated for a
period of 6 h : 1&horbar;2 (control): inoculum +
S0 (187 mg of nitrogen) + wheat starch
2
)
(NH
4
(13 g of dry matter (DM)); 3--4 : control +
antibiotic tested (66 ppm); 5-6 (experimental):
inoculum + 4
S0 (187 mg of nitrogen) +
2
)
(NH
wheat starch (11.2 g of DM) + peanut meal

(1.8 g of DM providing 125 mg of nitrogen);
experimental + antibiotic tested (66
ppm).
7&horbar;8 :

Each antibiotic was incubated at least 3
times with an interval of 3 days between each
incubation series.

Measurements
A sample (10 ml) was collected from the
inoculum before incubation and from each
fermenter after 1 and 6 h of fermentation. The
pH was immediately measured and the
samples were then centrifuged for 5 min at
2 000 x g. The supernatants were stored
according to the methods described by Jouany
and Thivend (1986) before analysis of
ammonia nitrogen by Technicon method which
uses reactions with sodium salicylate and
sodium dichloroisocyanurate by means of an
autoanalyzer, and of volatile fatty acids (VFA)
by gas chromatography (Jouany, 1982). Gas
production was determined at 1, 4 and 6 h, the
composition of the mixture being determined
by gas chromatography (Jouany and Senaud,
1978) on a gaseous sample collected from the
exit vent of each fermenter after 4 h of
incubation.
In vitro degradation of the peanut meal and
an estimation of ammonia uptake by bacteria
were calculated by the mathematical models
established by Jouany and Thivend (1986).
The degradation rate of nitrogen was estimated
by comparing ammonia production from a
control fermenter and an experimental
fermenter. Both contained the same amount of
fermentable organic matter, but protein was
only added to the experimental fermenter. The
nitrogen and sulfur microbial requirements
were supplied by additional 4
S0 in both
2
)
(NH
fermenters. The ammonia uptake by bacteria is
related to the amount of gas released, as
demonstrated by Raab et al. (1983). The
relation was established for each series on the
control fermenter.
For each antibiotic, all data obtained were
analyzed by comparison of means (two by two
comparison using Student’s ttest).

Results

pH and total

VFA

(Table II)

The pH of the
measured at time

liquid

To

was

in fermenters
between 6.90

and 7.00. After 6 h of incubation, pH
values were between 5.5 and 6 for the
overall group of fermenters. Only 3
compounds were affected by the
presence of ionophore antibiotics: the M
3
monensin derivative, lonomycin and L
2
derivative, for which pH values were
significantly higher than those of controls
without antibiotic. In correlation with this,
the total VFA production in fermenters
which received these 3 ionophores was
significantly lower than that of control
fermenters. In contrast, 2 derivatives of
monensin (M
6 and )
12 increased the
M
total VFA concentration in the presence of
protein nitrogen. The other ionophores did
not modify this parameter for the 2
nitrogen sources considered.

The presence of peanut meal in the
experimental fermenters led to a
pronounced increase (+ 20%) in the total
VFA production at the end of incubation.
Molar composition of VFA

(Table III)

One of the well-established actions of
ionophore antibiotics is their ability to
stimulate production of propionic acid. Our
results showed two types of compounds :
1) those which increased the propionate
concentration: approximately 15% for
monensin (M
), its M
l
4 and M
6 derivatives,
nigericin, cationomycin and lysocellin. The
monensin M
3 and M
10 derivatives had the
same effects but to a lesser degree
(+ 9%). Lonomycin and its L
2 and L
3
increased
the
molar
derivatives
percentage of propionic acid to a slightly
higher level (+ 20%). For all these
compounds, with the exception of
cationomycin, this increase occurred at
the expense of acetic acid. A monensin
derivative, monensin isobutyrate (M
) was
5
clearly distinguished from the other
ionophores, since it caused an increase of
26% in the production of propionate with

and
in the

an 8% acetate decrease; 2) those
which induced no significant modification
in the proportion of propionic acid : the
13 monensin
, M
2
M
, Mg, M
8
12 and M
derivatives, nigericic acid (N
) and the
2
). These
2
deacylated cationomycin (C
had
no
effect
on
acetic acid
compounds
molar proportion either.

compound, the M
3 derivative
lonomycin also caused a decrease
proportion of isovaleric acid.

proportions of butyric acid, not
reported here, significantly decreased with
only 4 compounds: lonomycin and its
derivatives and cationomycin.
Only
monensin
significantly reduced the
proportion of isobutyric acid; this

Gas production measured after 6 h of
incubation was significantly decreased by
lonomycin and its L
2 derivative and by
nigericin. The other compounds, and, in
particular, monensin and its derivatives,
had no effect on total gas production: this

only

The

Gas

production
(Table IV)

and

composition

behaviour was not influenced by the
nature of the nitrogen sources. The
presence of peanut meal markedly
increased gaseous production (+ 15%) in
the overall group of fermenters.
Monensin and its M
, M
2
3 and M
4
derivatives had very marked inhibitory
effects on methanogenesis, which was
shown by the significant increases in the
/CH ratios in the gaseous mixture.
2
C0
4
The M
s derivative showed the highest
activity, since it increased this ratio by
41.5%. Lonomycin increased the ratio to
an
extent comparable to that of
monensin; the L
2 derivative and lysocellin

also caused positive alterations in this
ratio but to a lesser degree.

Degradability of the peanut meal nitrogen
(Table V)
An interesting property of ionophore
antibiotics is their capacity to reduce
protein degradation to the NH
3 stage in
the rumen. Of the compounds tested, the
most active were lysocellin (-57%), M
2
(-56%) and M
3 derivatives (-49%), as
well as lonomycin (-41 %), its L
2 derivative
(-45%) and monensin (-38%). Catio-

nomycin, like the M
5 derivative, had a less
marked effect on this parameter (-18%).
Bacterial ammonia

uptake (Table V)

Bacterial ammonia uptake was calculated
from 1 to 6 h of incubation time. This
determination in the experimental fermenters took into account the degradation
of peanut meal during the time interval. In
comparison with the non-protein nitrogen,
the presence of peanut meal in the
experimental fermenters improved nitrogen fixation by bacteria by approximately
15-20%.

The main disadvantage of ionophore
antibiotics observed in vitro with respect
to rumen fermentations was their negative
effect on bacterial ammonia uptake. This
was particularly marked with lonomycin
(-48%) and its L
2 derivative (-40%), and
with lysocellin (-38%). The M
,M
2
3 and M
4
esters of monensin had a similar
depressive action (-32%) which was
superior to that of the original molecule
(-24%). Cationomycin affected ammonia
uptake in an identical manner to that of
monensin. An interesting characteristic of
the M
5 derivative was its very weak
negative action in this parameter. Only the
8 derivative improved bacterial ammonia
M

uptake (+ 20%). This
parameter

significant

was the only
which this derivative had a
effect.
on

The action of ionophores on bacterial
proteosynthesis, estimated from ammonia
uptake, was not altered by the nature of
the
nitrogen introduced into the
fermenters.

Discussion and Conclusion
The addition of monensin to the
fermenters induced an increase in the

proportion of propionic acid,

at the
expense of that of acetic acid, both in in
vitro (Chalupa, 1980; Stanier and Davies,
1981) and in vivo experiments (Chalupa,
1977; Jouany and Senaud, 1978). Its lack
of effect on total VFA and gas production
is more debatable (Durand, 1982). We
were able to confirm this for the two
nitrogen sources used. The inhibitory
effect of this molecule on methanogenesis, previously demonstrated in vitro
by Bartley et al. (1979) and in vivo by
Jouany and Senaud (1978) and Benz and
Johnson (1982), confirms the effect
observed on the molar composition of the

VFA mixture. The decrease in the nitrogen
degradability of peanut meal (-38%) is
suggestive of a protective effect with
respect to dietary proteins in the rumen as
discussed
by Durand (1982). Its
depressive action on microbial synthesis
(-24%) was also demonstrated in vitro by
Van Nevel and Demeyer (1977) and in
vivo by Van Nevel and Demeyer (1979)
and Muntifering etal. (1981).
).
We determined the effect of other

ionophore antibiotics on the orientation
and intensity of rumen fermentations,
whose the complex activity on alkaline
cations has been previously studied
(Gaboyard, 1987). Results obtained with
these different molecules are presented in
Table Vi. A common characteristic of
natural ionophore antibiotics (lonomycin,
nigericin, cationomycin and lysocellin) is
their ability, like monensin, to improve the

production of propionic acid at the
expense of acetic acid.
Lonomycin and lysocellin are also
similar to monensin in that they inhibit
methanogenesis and degradation of
proteins. However, the high toxicity of
lonomycin (lethal dose, LD
, after oral
50
administration on mice, is 10 mg/kg of live
weight) limits its practical use in animals.
In contrast, lysocellin presents the
distinctive characteristic of being half as
toxic as monensin (Gaboyard, 1987). The
depressive effect of lysocellin on bacterial
ammonia uptake (-38%), which limits the
interest of this molecule, could be partly
compensated for by its protective action
with respect to dietary protein nitrogen. Of
the molecules tested, lysocellin presented
the
greatest capacity to reduce
degradation of peanut meal nitrogen
(-57%). These results could explain its
action
on
zootechnical
positive
performances of growing cattle observed
by Preston etaL (1985).
For nigericin, data obtained on VFA
and gas production were similar to those
given by Caffarel-Mendez et al. (1986),
except for methane production, which was
not reduced in our experiment. Nigericin
strongly inhibited bacterial ammonia
uptake and had no protective effect with
respect to dietary protein digestion in the
rumen.

Cationomycin had effects similar to
those of monensin on most fermentation
parameters. However, the protective
action against peanut meal degradation
was weaker than that of monensin. Unlike
other tested ionophores, cationomycin
had a low toxicity. The lethal dose (LD
)
so
of cationomycin after oral administration in
mice was 1 600 mg/kg compared with 150
to 170 mg/kg for monensin (Gaboyard,
1987). These results indicate that
cationomycin could be considered as a
possible growth promoter, competing with
monensin and lasalocid.

The monensin derivatives, M
, Mg, M
8
12
and ,
13 which had no action on
M
microbial metabolism, also have weak

ionophore properties (Gaboyard, 1987).
The M
, M
2
4 and M
,M
3
5 ester derivatives
and the M
6 urethane derivative were the
most active compounds on rumen
fermentation
Monensin
parameters.
isobutyrate (M
) in particular acted very
5
favorably on these parameters (C
,
2
, C
3
/CH
2
C0
)
4
- Its protective effect on peanut
meal proteins was lower than that of
monensin. In contrast the M
5 derivative
had no influence on bacterial ammonia

uptake.
These observations demonstrate that
by modification of the chemical structure,
it is possible to obtain compounds
possessing different properties from those
of natural molecules. The toxicity of the
5 derivative determined on mice
M
appears very much higher than that of
monensin and is the main limiting factor
to its future practical use.
The opening of the terminal cycle of
lonomycin leads to the formation of
oxolonomycin (L
). The derivative
2
presents properties similar to those of the

parent molecule with respect to rumen
fermentation. In contrast, its toxicity
measured on mice was markedly lower
than that of lonomycin and only half that
of monensin. This molecule is a potential

growth promoter.
Cationomycin

has an aromatic ester
branched on a classical polyether-type
chain (Gaboyard, 1987), which appears to
confer its original properties on this
molecule. Thus deacylated cationomycin
), which differs from the natural
2
(C
molecule only by the absence of this
ester, did not possess any activity on
rumen
microbial metabolism, but its
toxicity was comparable to that of

monensin

and

it

had

very

marked

ionophore properties with respect to
potassium (Gaboyard, 1987). It appears
to be well established that the growth
promoter activity is related to the
complexing potential of the molecules, but
in this

case

this property is not sufficient to

explain the modification observed.
The results of our study

have
demonstrated that some derivatives are
more active than natural compounds (i.e.,
monensin isobutyrate). Derivatization can
also be used to reduce the toxicity of

ionophores (oxolonomycin compared to
lonomycin) without altering their activity
rumen fermentation. However, we
could not relate the chemical structure of
a molecule to its activity as a growth
promoter. Three of the compounds tested
(oxolonomycin, lysocellin and cationomycin) presented some beneficial
effects on the orientation of rumen
fermentation and a weak or moderate
toxicity for mice, assuming their potential
use as growth promoters for ruminants. It
should be kept in mind, however, that
determinations were carried out in vitro
with non-adapted inocula. It is therefore
difficult to extrapolate these results to
animals. In fact, Herod et al. (1979) and
De Jong and Berschauer (1983) demonstrated that the orientation of fermentation
in the presence of ionophores could differ,
according to whether the inocula were
obtained from animals that were adapted
or not to these molecules.
on
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