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Monensin'in Oluşturduğu Pozitif inotropik Etkiyi Azaltmada Ryanodin'in Etkisi 

Özet: Bu çalışmada erkek kobaylardan izole edilen papillar kaslar kullanılarak ryanodin'in monensin zehirlenmesini gidermedeki 
etkin l iğ i araştırıldı. Papillar kasıarın kasılma şiddeti (KŞ), kası lma hızı (KH) ve gevşeme hızı (GH) monensin veya monensin+ryanodin 
tatbikinden bir saat sonra ölçüldü. Monensin'in, tatbikinden bir saat sonra KŞ ve KH'yl artırtığı ancak GH'yl değiştirmediği saptandı. 
Ancak monensin+ryanodin tatbik edilen kasıarın KŞ'si ve KH'sınm sadece monensin tatbik edilenlerden daha düşük olduğu bulundu. 
Bu bu lgular ıŞığı altında , ryanodinin hücre içerisindeki kalsiyum konsantrasyonunda oluşturduğ u bu azalmadan dolayı monensin 
zehirlenmesini gidermeda kullanılabileceği sonucuna varıldı . 

Anahtar Kelimeler: Monensin, Ryanodin, Kobay, Kalsiyum, Papillar kas. 

Summary: This experiment was carried out to investigate the ability of ryanodine to counteract the toxic effect of monensin by us ing 
adult male guinea-pig papillary muscles. Contraction force (CF), contraction velocity (CV) and relaxation velocity (RV) were measured 
one hour after the monensin onlyand monensin+ryanodine treatments. Monensin treatment significantly increased the CF and the CV 
but did not change the RV. However, the CF and the CV of monensin+ryanodine treated group were significantly tower than the CF 
and the CV of monensin only treated group. it was concluded that ryanodine's ability to unload Ca2

+ from cardjac myocytes could 
make it useful in monensin poisoning and in heart failure cases where Ca2

+ saturation of mitochondria has occurred. 
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Introduction 

Our laboratory, for the past four years, has 
been working with a drug (ryanodine) to counteract 
the toxic effects of monensin. During this time the 
market positive inotropie effeet of monensin on 
eardiac musele and the abilily to increase the 
functional survival time of isolated guinea-pig 
papillary muscle was observed (1). 

Monensin is used in birds as a coceidiostat 
(2, 3) and is used in cattle as a bloat preventive (4, 
5) also a growth promoter (6, 7). Other animals (8) 
have been kept on monensin for a year without any 
detectable iII effects. The biochemical pathogenesis 
of monensin-induced myotoxieily have been shown, 
by many workers, to be caused by intracellular Ca'+ 
overloading, especially mitochondrial overloading (9, 
10). This problem can be controlled by dosage and 
apparently this compound has a useful margin of 
safely (1). 

Monensin has also a strong positive 
inotropic effect in cardiac muscle (11 , 12). This 
effect occurs because, as an ionophore, monensin 
has strong affinity for [Na+Jo. The monensin-induced 
increase in [Na +]; facilitates the entry of Ca'+ into the 
cell by a Na + ~out) i Ca'+ (in) exchange mechanism 
(13). This Ca + shift is the primary factor mediating 
the cellular response. Another factor modifying the 
cellular response includes the alteration of the pH of 
intracellular components (pH;) since monensin 

increases the pH; by transferring H+ out of the cell 
(14). 

it has been proposed (15, 16) that 
ryanodine causes a decrease in the extent, or a 
slowing, of sarcoplasmic reticulum Ca2+ release in 
cardiac musele. Sinee an inerease in intraeellular 
Ca2+ concentration (13) is the primary reason for 
monensin poisoning, ryanodine's ability to unload 
Ca2+ from cardiac myocytes could make it useful in 
monensin poisoning and in heart failure cases where 
Ca2+ saturation of mitoehondria has occurred. 

The primary purpose of this study was to 
utilize a papillary muscle preparation to investigate 
the abilily of ryanodine to counteract the toxic effects 
of monensin by measuring the contraction force 
(CF) , contraction velocily (CV) and relaxation velocily 
(RV). 

Materials and Methods 

Preparation of Papillary Muscles 
Fifteen male guinea-pigs, 500-600 g, were 

heparinized (1000 LU per animal , ıP injection) 30 
minutes before being decapitated, Hearts were 
removed rapidly and put in a beaker fiIIed with ice­
cold KRB of the fo llowing composition [mmolll]: Na+, 
115.9: Ca2+, 2.2: K+, 4.0: Mg2+, 1.3: CI-, 126.9: 
H2PO.-, 2.1: HCO,-, 21 .7: glucose, 10.9. The 
pericardium was removed, and the aorta and the 
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pulmonary artery were excised. The hearts were 
transferred to a second beaker of the same solution, 
and then rapidly put in a glass pan filled with Krebs 
solution and bubbled with 100 % O2. Two papillary 
muscles with diameters of approximately 1.0-1.5 mm 
were dissected from the right ventricle of each 
guinea-pig and each muscle was mounted in an 
organ bath containing a Krebs solution with 2.2 
mmol/l CaCI2. The Krebs solution was perfused with 
a mixture of 95 % O2 and 5 % CO2 and maintained 
at 37 oC. The pH was maintained between 7.50 -
7.60. The muscles were a!tached to a capacitance 
transducer (Harvard isometric capacitance 
transducer, Harvard apparatus, inc. , South Notick, 
MA) electrically connected to a Beckman recorder 
(R611). The tendon end of each muscle was 
a!tached to the transducer by a si lk suture and the 
opposite end was hel d by a plastic clamp placed in 
the muscle chamber. Muscles were stimulated at a 
frequency of 0.2 Hz by using a pair of platinum field .. 
effect electrodes. The transducers to measure force 
were calibrated for each experiment by using 
weights (1 9 equaled a displacement of 40 mm). 
Frequency was calibrated by an oscilloscope. 
Contractility Experiment, experimental design and 
statistical analysis 

Three treatments were used; control (0.18% 
alcohol), monensin only treated (10 Ilmol/l) and 
monensin (10 Ilmol/l) + ryanodine (5 !lmol!l) treated 
groups. Ten papillary muscles were used for each 
group. Each animal provided two muscles, individual 
muscles were the experimental unit for the 
experiment. Experimental units (a single muscle) 
were randomly allocated to treatments. Chemicals 
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were administered alter an equilibration period of 35 
min. Contraction force, contraction velocity and 
relaxation velocity were measured one hour alter the 
treatment. The data were expressed as mean ± 
standard error (SE) and analyzed using analysis of 
variance (ANOVA). Least significant difference (17) 
was used to test for differences among means for 
which ANOVA indicated a significant (P s 0.05) F 
ratio. 

Results 

Fig. 1 and Fig. 2 respectively show the 
representative tracings of the monensin- or 
monensin+ryanodine-induced changes in the CF and 
CV of guinea-pig papillary muscles. Monensin 
increased both the CF and the CV significantly 
(P<0.05) when compared to the control group. Both 
the CF and the CV of monensin+ryanodine treated 
group were significantly lower than (P<0.05) the CF 
and the CV of monensin only treated group. 

Fig. 3 shows the changes in the RV of 
guinea-pig papillary muscles induced by the 
monensin- or monensin+ryanodine treatment. Both 
treatment did not change the RV of the guinea-pig 
papillary muscles one hour alter the treatment. 

One of the major problems with the gu inea­
pig papillary muscles was that a change that 
occurred in one guinea-pig in 40 minutes did not 
occur in another until 60 minutes, therefore the 
changes were very unpredictable but in most cases 
these changes .had the same general pattern. 

* 
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DRUGS 

** 

Monensin + 
Ryanodine 

Figure 1, Effects of monensin onlyand monensin+ryanodine treatment on the contraction force (g) of 
guinea-pig papillary muscles. Mean ± SE is shown (n=10). 'denotes a significant difference between control 
and treatment group. "denotes a significant difference between monensin and monensin+ryanodine group. 
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Figure 2. Effeets of monensin onlyand monensin+ryanodine treatment on the contraction velocily (glsee) of 
gu inea-pig papillary museles. Mean ± SE is shown (n=10). *denotes a signifieant differenee between control 
and treatment group. "denotes a sign ificant differenee between monensin and monensin+ryanodine group. 
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Figure 3. Effeets of monensin onlyand monensin+ryanodine treatment on the relaxation veloeily (glsee) of 
gu inea-pig papillary museles. Mean ± SE is shown (n=10). 

Discussion 

This study was undertaken to utilize a 
papillary musele preparation to investigate the abil ity 
of ryanod ine to counteraet the toxic effects of 
monensin by measuring the CF, CV and RV. We 
found that Monensin only treatment increased both 
the CF and the CV signifieantly and did not change 
the RV. However, monensin+ryanodine treatment 
signifieantly lowered the CF and the CV of monensin 
only treated group. These findings are eonsistent 
with our previous findings that have suggested a 
ryanodine indueed increase in the heart rate and 
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blood pressure of monensin only treated groups 
(18). 

The positive inotropie effeet of monensin 
depends on extracellular Na + eoneentration. 
Monensin binds Na + outside of the eell and carries it 
into the cell and increases [Na +]; and thus [Ca2+]; and 
the CF (13). Monensin also increases the pH; due to 
the increased exit of a H+ when monensin is 
transported out of the eell (14). However, Meral et 
al, 1996 (1) demonstrated that monensin can 
inerease the [Ca2+]; in the absenee of the 
extraeellular Na+. This indicated that monensin 
aetually may cause a Ca2+ release from .the 
sarcoplasmie retieu lum or may be a Ca2+ as well as 
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aNa' ionophore. Since ryanodine causes a 
deerease in the extent of sarcoplasmic reticulum 
CaZ> release in cardiac muscle, our findings made 
Ihe idea slronger that monensin may cause a Ca2+ 
release from the sarcoplasmic reticulum. 

To be able to demonstrale whether 
monensin-indueed inerease in [Caı+]ı is due to an 
influx or a release from Ihe SR, we measured the 
CV. An inerease in the rate of Ca2+ release from the 
SR would inerease the CV. We found that 10 ).!molll 
monensin inereased the CV significantıy. This resull 
indiealed that monensin eauses a Ca2+ release from 
the SR However, we do nal knew wealher this 
inerease in intraeellular Ca2+ concentralion is due lo 
Ca'+-induced Cal> re lease or direct release of Cal> 
from the SR The deerease in the CV after 
ryanodine administration alsa indicated the role of 
SR on monensin-indueed inerease of intraeellular 
Ca'· eoncentration. 

The RV is affected by \WO meehan isms. 
Firs!, a SR Ca2+-ATPase that pumps Caz+ into the 
SR Ihus decreases [Ca2+11. Second , a Na+ (in) i Ca'· 
(out) exchange. Under steady-state condilions, the 
amount of Ca2

> entering the eell equals that which 
exits Ihe eell, and the amount released by the SR 
equals that sequestered by the SR (15). If an abrupl 
change in th is balance of fluxes takes place, then the 
Ca'+ canlen! of the SR will be affeeted. Monensin 
did nal change the RV of guinea-pig papillary 
muscles one hour after administration. However, in 
our previous experiment we found that monensin 
inereased the RV \WO hours after the administralian 
(1). This indieated that it takes time for monensin lo 
inerease the RV. 

We coneluded that, since an inerease in 
inıracellular Cal

+ concentration is the primary reason 
for monensin poisoning, ryanodine's abilily lo unload 
Ca" from cardiac myocytes could make it usetul in 
monensin poisoning and in heart failure cases where 
Ca" saluration of mitochondria has occurred. 
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