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Abstract: Previous studies have proposed that increasing the temperature around the rat
isolated ileal muscles induces a heat-released substance (HRS) which causes a decrease
in the contractle response. Therefore, we have studied various characteristics of this
proposed HRS in animals exposed to heat-stress conditons. In these animals, the
contraction of muscles in response to carbachol was decreased by increasing the
temperature from 37°C to 40°C. Further, bathing the ileum in a conditoned medium
prepared by incubation of the ileal muscle at 40°C has shown less contraction at 40°C
than in presence of normal Krebs medium. In addition, conditioned mediums, prepared
at 40°C were run on SDS-polyacrylamide gel electrophoresis and have shown the
presence of a distinct protein band at a m.w. region of 55 kDa. These results confirm
our previous studies that increasing the temperature around the muscles induces the
HRS that causes the decrease in the contractie response.
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Overexposure to heat causes several changes in mamnner as described previously [5]. After dissecting the
physiological functions in the body. Among these areat, short segments from the caecal end of the ileum were
central nervous system manifestations [1, 12], liveremoved and put immediately into a petri dish containing
damage [9], and acute renal failure [15]. A wide range afkxygenated (95%£5%CQ) Krebs solution of the
biochemical changes have also been observed in hédlowing composition — NaCl: 6.9 g/l; Na HGC2.1 g/l;
stroke victims [2, 3, 4]. Various mechanisms werglucose: 2 ¢/l; KHPQ: 0.16 ¢/l; KCI: 0.36 d/l;
suggested for these changé8,[14, 15]. Among these we MgSQ:..7HO: 0.29 g/l; CaCl.2pD: 0.37 g/l. Isolated
have proposed a release of a heat-released substasic@s of muscles were trimmed, and one of these strips
(HRS) from ileal muscles [6] and from diaphragmiovas transferred to a 10 ml muscle bath at 37°C. The
muscles [7]. The evidence for the presence of thisuscle was washed with Krebs solution and left for 30
mediator was based on pharmacological interpretatiomginutes for equilibration. Muscle contractions were
but nothing is known about its composition or identityrecorded by a Palmer Bioscience potentiometric recorder
Therefore, we have studied various characteristics of thisnnected to the muscle through a Bioscience UF1

HRS in order to delineate its actions and identity. isometric transducer and A100 Bioscience coupler.
Carbachol was added to the muscle bath in various
MATERIALS AND METHODS concentrations in a graded manner. The muscle was

washed after each addition of carbachol. This was
Isolated rat ileum preparations. The effect of continued until the dose that caused a maximum
carbachol on isolated rat ileum was examined in the samentraction of the muscle was reached. Then, in some
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Figure 1. Log dose-response curves of the effect of carbachol on tiFigure 2. Log dose-response curves of the effect of carbachol on the
contraction of the isolated rat ileum at 37°C in the presence of Clcontraction of the isolated rat leum in the following conditions: at 37°C,
BCM, or FCM. Each point is the average of at least 6 experimeniand at 40°C in the presence or absence of CM40. Each point is the
Lines above and below points represent SEM. CM represeraverage of at least 6 experiments. Lines above and below points
conditoned medium prepared at either 37°C (CM37) or 40°C (CM4orepresent SEM. KM represents freshly prepared Krebs medium around
BCM was prepared by incubating the prepared conditoned mediumthe muscle. CM40 represents a condioned medium prepared by
either 37°C (BCM37) or 40°C (BCMA40) in a boiing water bath for 6Cincubating the ieal muscle at 40°C for 30 minutes. The temperature
minutes. FCM was prepared by freezing the prepared conditonshown beside the curve represents the muscle bath temperature.

medium at either 37°C (FCM37) or 40°C (FCM40) at -4°C overnight. ~ *p <0.01, **p<0.001 indicate signiicant difference versus the

* p < 0.01 indicates a significant difference versus the responses in responses at 37°C, KM.

presence of CM37.

experiments, bath temperature was changed to 40°C dhdse mediums were readjusted to 37°C before being used
left for equilibration for 30 minutes, before the samdo bathe the ileal muscle.
series of carbachol doses was again tested. Variation in
exposure conditions and preparations of conditioned Actions of carbachol on isolated ileal muscles from
mediums were performed as previously described [7]. heat exposed animalsin some experiments, the effects
of various doses of carbachol were tested on ileal muscles
Preparation of conditioned mediums. Conditioned obtained from animals which had been exposed to high
mediums (CM) were prepared by incubating a piece aimbient temperature in the same manner as described
ileal muscle (similar in size to the muscle used in thpreviously [6]. Animals were exposed to heat stress by
muscle bath) in 10 ml Krebs solution, oxygenated by 95%lacing them, restrained in a cage, within an environmental
0OJ/5% CQ, at either 37°C (CM37) or 40°C (CM40) for room (Hotpack, Philadelphia, USA) controlled at 40°C.
30 minutes. Boiled conditioned medium was prepared Bectal temperature was monitored every five minutes
incubating the prepared CM for 60 minutes in a boilinthroughout the experiment by means of a rectal pratie (
water bath (BCM). Frozen conditioned medium wasm insertion). The probe was connected to an
prepared by freezing the prepared CM at -4°C overnigatectronically controlled temperature measuring device
(FCM). Freshly prepared Krebs medium was referred tbrough ©pper constantan thermocouples (Isothermix,
as (KM). In some experiments conditioned medium waSolumbus Instruments, Ohio, USA). Exposure of test
prepared using ileal muscles from heat-stressed aninalimals to the above-mentioned stress situations was
model (HCM). continued for about an hour until a rectal temperature of
40.5°C had been maintained for 10-15 minutes. At this
Effect of boiled and frozen conditioned mediums. point, the animals were considered heat-stressed. All
Responses of the ileal muscle to various doses afimals were allowed accead lib to standard laboratory
carbachol were tested in some experiments in the presedoets and tap water, but fasted overnight before the heat
of KM, BCM, or FCM mediums. The temperature ofstress challenge. During the stress periods all animals
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Figure 4. SDS-polyacrylamide gel electrophoresis of different conditioned
mediums. Migration was from top to bottom. Staining was performed
10~ — - using Coomassie Briliant Blue. 1, 6 and 7 are molecular weight standards;
3 4+ 56 34 358 2 and 3 are CM37; 4 and 5 are HCM40. CM37 represents a conditioned
Catbachol Dose (g} medium from control rats prepared at 37°C. HCM40 represents conditioned

medium prepared at 40°C using ileal muscles from heat-stressed rats.
Figure 3. Log dose-response curves of the effect of carbachol on tl

contraction of the isolated rat ileum from control rats (left) and hea
stressed rats (right). Each point is the average of at least 6 experimentsStatistical analysis.Each experiment was repeated at

Lines above and below points represent SEM. KM represents fres[# P .
prepared Krebs medium around the muscle from control rats. HC ast six times; results were averaged and compared to the

represents a conditioned medium prepared using ieal muscles fr&qrresponding control using Student’s t-test.

heat-stressed rat. The temperature shown beside the curves represents
the muscle bath temperature. RESULTS
*p<0.05 indicates significant diference versus the correspondent

response at 37°C. Effect of different conditioned mediums on ileal

muscle incubated at 37°C.Figure 1 shows the dose-
response curves of the effect of carbachol on isolated rat
jjeal muscle at 37°C in the presence of CM37, CM40,
M37, BCM40, FCM37 and FCM40. In general, the
Sponses to carbachol in the presence of BCM37 and
n%M37 mediums were lower than the responses in the
were established in such a way to have a minimBfesence of CM37 medium. Comparison of the responses

mortality rate of animals (<10%) during and after hedf! the presence of BCM37 o the responses In BCMA40
stress. shows no difference in the response. Similarly, the

The use of this animal model for heat stress studies w
approved by the Ethics Committee of King Faha
Medical Research Center in our Institution.

were watched closely for any signs of exhaustion, ov
stress, or increased rectal temperature (above 40.5°
Experiments were discontinued immediately if any of th
above signs were observed. These exposure conditi

sponses in the presence of FCM37 did not differ from
e responses in FCM40 medium. On the other hand,
M40 showed lower response to carbachol than
responses observed in the presence of CM37 (p < 0.01).

Determir_lation of electrolytes, glucose and protein  Etfect of carbachol on ileal muscle incubated at 40°C.
concentration. Concentration of electrolytes and glucosgigyre 2 shows the dose response curve of the effect of
in Krebs solution and conditioned mediums Wwagarhachol at 40°C in the presence and absence of CM40
determined using an automated analyzer (Hitachi 708s compared to its effect at 37°C. The results show that
Boehringer, Ingelheim, Germany). Protein concentratione effects of carbachol are lower at 40°C compared with
were determined by the Lowry method [11]. its effect at 37°C. Further, the effect of carbachol at 40°C

in the presence of CM40 is lower than the effect at 40°C

Gel electrophoresis. Samples of the conditioned inthe presence of normal Krebs medium.
mediums prepared at 37°C and 40°C from control and
heat-stressed rats were concentrated and run orResponses of ileal muscle from heat exposed rats to
electrophoresis gel for proteins separation in the sarfgrbachol. Figure 3 shows the dose-response curves of
manner as described by Laemmli [10]. This experimetite effect of carbachol at different bath temperature or
was repeated six times using six different samples. mediums on isolated ileal muscles from control and heat-
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Table 1. Chemical composion of Krebs medum before and aftepur previous suggestion of the release of a substance that
conditioning at various temperatures. causes a decrease in the contractile response of smooth
muscles. It may also indicate that there is no acclimatization

or tolerance developed to the effect of this substance, as

Concentrations (mMol/l)

el KM CM30 cMsr7 CM40  the effect was observed even in muscles isolated from
Na" 148+ 3 1511 1521 151+ 1 animals exposed to high temperature.
K* 62403 65401 67401 74+0p Further, we have shown in this investigation that this
. heat released substance can cause an additional decrease
Mg 06£006 07£0.06 07£005 08201 jjthe response of the ileal muscle incubated at 40°C. This
ca* 23+01 27+071 2702 26x0% would further confirm our finding of the release of a heat-
PO~ 11401 15407 15+0% 16+07% released_ subgtance from ileal muscIe; upon exposure to
] surrounding high temperature [7], and it may indicate that
cl 1351 135+2 135+2 135+2 the effect of this heat-released substance is quantitative in
Glucose 11+1 92=x10 87+18 87+1% nature, i.e. dose related. Several mechanisms could cause
Proteind 00+00 139+1 142+2% 198+18c this type of response. More studies from this aspect are

being carried out in our laboratory.
Figures represent means + SEM of 8 experim@tstein concentraton ~ The chemical analysis of the composition of the various
fsfﬁ?ﬁgzisteéiﬁg Hg/niSigniicant diﬁzrttenvg '\jgocomgaé?\;lis? KM<(% B f-Oi):types of the conditioned mediums showed a striking
rence as C . . ] H H
Krgbs medium; CM30: gg]?ﬁltifnedomediumagrepared eg? 30°C; EZMS :ndm_g’ .namely the presence of a higher amount of
Conditioned medium prepared at 37°C; CM40: Conditoned mediufifOt€ins in CM40 as compared to CM37 or CM30 (Tab. 1).
prepared at 40°C. It also showed that both CM 37 and CM 40 mediums
have similar significant differences in some of the
electrolytes (i.e. Ca++, PO% and glucose compared to
stressed rats. It was quite obvious that the actions theé KM control medium. Therefore, changes in carbachol
carbachol on these isolated muscles from heat-stressise response in the presence of CM40 is most likely due
rats were affected in a similar way as reported on isolatéal the increased amount of protein, and not to changes in
ileal muscles from normal rats, i.e. the effects oflectrolytes or glucose. This would indicate that upon
carbachol were less potent at 40°C in HCM medium thancubation of ileal muscles at 40°C an extra amount or
carbachol effects at 37°C in HCM medium (p < 0.05).  type of protein is released. This may be the cause of the
decrease in the contractile responses of ileal muscles
Electrolytes, proteins and glucose contents of some incubated at 40°C, i.e. it may be the HRS as was
conditioned mediums. Table 1 shows the electrolytes,postulated previously [7]. This is further confirmed by the
proteins and glucose contents of conditioned mediumdserved abolished effect of CM40 after boiling or
CM30, CM37 and CM40 as compared to normal Krebleezing. It is well known that boiling and/or freezing
medium. It is obvious that in all types of CM's there wasleactivate the biological activities of proteins [8].
an increase in the concentration of calcium (p < 0.01), In conclusion, heating the ileurim vitro in Krebs
phosphate (p < 0.01), and proteins (p < 0.01), while theselution at 40°C in contrast to 37°C, inhibits the response
was a decrease in the concentration of glucose (p < 0.0y. releasing HRS. A further inhibition is obtained by
Comparison of conditioned mediums one to anothessing CM40, which possibly contains HRS. The fact that
shows that the protein contents in CM40 is significantlgimilar results were obtained when ileum was used from
higher than its concentration in CM30 or CM37 (p < 0.01)heat-stressed rats, indicates no development of tolerance
to the releasing effect of HRS. Further, the change in
Proteins electrophoresis.Figure 4 shows a sample chemical composition (except for putative HRS protein)
result of conditioned mediums electrophoresis fromf the conditioned medium CM40 is not responsible for
control and heat-stressed rats. The result shows e inhibition of the response.
presence of a dense band of protein at a m.w. of ~ 55,000The presence of a novel protein released upon incubation
Da in the HCM40 sample. This band was not observed @i ileal muscles at 40°C is strikingly shown by our
the CM37 sample from control rats. This finding wagpreliminary work on gel electrophoresis of CM’'s which

confirmed in the other five repetitions performed. shows a dense protein band in the molecular weight range
of 55 kDa. This may well be the HRS proposed. More
DISCUSSION investigations are being carried out in this aspect in our
laboratory.

The decrease in the effect of carbachol on the
contraction of isolated rat ileum incubated at 40°C, as Acknowledgement
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