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Total normothermic ischemia of the rat heart is accompanied by loss of contractility and
the development of myocardial contracture, which is expressed as an increase in the diastolic
pressure in the isovolumic ventricle. The rate of development of the contracture and its max-
imal value under the influence of different factors depend on the degree of fall of the ATP
concentration [6] and, other conditions being the same, they determine the degree of recovery
of contractile function during reperfusion. Meanwhile the guinea pig heart, despite the ab-
sence of contracture during ischemia for 10min [9], is characterized by severe arrhythmia dur-
ing reperfusion.

To explain the role of factors determining the dynamics of ischemic contracture and its
importance, the response of the rat and guinea pig hearts to ischemia and reperfusicn was com-
pared under identical condi&ions. Besides measurement of the isovolumic pressure, the time
course of accumulation of K' and HY ions in the extracellular space, which reflects the degree
of disturbance of energy formation in ischemia [3, 7, 10], also was studied.

EXPERIMENTAL METEOD

Experiments were carried out on the hearts of rats and guinea pigs weighing 200-300 g,
anesthetized with urethane (1.6 g/kg, intraperitoneally). The isolated hearts were perfused
through the aorta at a temperature of 37°C and at the rate of 10 ml/min/g with Krebs' solution
(pH 7.33 £ 0.02), saturated with carbogen. A small latex balloon with constant volume was in-
troduced into the left ventricle. The pressure in the isovolumic balloon, reflecting tension
in the fibers of the ventricle, was measured with a Gould Statham P23Db electromanometer and
recorded on Gould Statham SP1405 or Gould Brush 2400 instruments. To measure extracellular KT
activity, a combined electrode with KT-selective valinomycin membrane [8] was inserted into
the wall of the left ventricle to a depth of about 1 mm. Potentials were measured with an
F223A electrometer (WPI) and recorded on a "Linear" automatic writer. The extracellular pH
was measured by a combined electrode about 4 mm in diameter, introduced into the chamber of
the right ventricle (OP~211/1 Radelkis pH-meter). Total ischemia of the isolated hearts was
produced by stopping perfusion, and during the period of ischemia (15 min) the air temperature
in the chamber was kept constant (36°C).

EXPERIMENTAL RESULTS

In the experiments of series I the effect of ischemia and reperfusion was studied during
contractions at the spontaneous frequency, which was the same in rats and guinea pigs before
ischemia (Table 1). During ischemia the fall of frequency in guinea pigs took place twice as
quickly as in rats (in 2.1 * 0.1 and 3.2 * 0.4 min, respectively, P < 0.05). Ischemia was ac-
companied by.an early rise of diastolic pressure in the left ventricle of the rats: after 5
min it had increased by 6 + 2 mm Hg, and after 15 min of ischemia by 22 + 5 mm Hg. In the ex-
periments on guinea pigs' hearts the rise of diastolic pressure was not significant, even af-
ter 15 min of ischemia.

Laboratory of Myocardial Physiology, Institute of Experimental Cardiology, All-Union
Cardiologic Scientific Center, Academy of Medical Sciences of the USSR, Moscow. (Presented
by Academician of the Academy of Medical Sciences of the USSR V. N. Smirnov.) Translated from
Byulleten' Eksperimental'noi Biologii i Meditsiny, Vol. 101, No. 4, pp. 404-407, April, 1986.
Original article submitted June 12, 1985,

0007-4888/86/0004-0423512.50 © 1986 Plenum Publishing Corporation 423



TABLE 1. Parameters of Contractile Fumction of Rats' (n = 11) and GuineaPigs' (n =
9) Hearts Before and After Ischemia

) After ischenia
.Parameter Group of animals | Before ischemia 15 min 30 mi
min
Heat rate, beats/min gats . ggéiél 21013 236412
uinea pigs . 235+ 22647 23610
Developed pressure, mm Hg/sec Rats 9245 1094-5* 10146
Guinea pigs 7714 5 4%+ 6545
Maxima} rate of rise of pressure, | Rats {ggg:&:?58 21204-400 2180420
mm Hg/sec : Guinea pigs =12 900--100* 12104110
Maximal rate of fall of pressure, | Rats e 10704160 13004190 1270200
mn Hg/sec Guinea pigs 13504160 840-£100% 1090--100

Legend. #*P < 0.05, #*P < 0.0l compared with initial value.
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Fig. 1. Dynamics of diastolic pressure in isovolumic rat heart
before ischemia and during 15 min of total ischemia, at 36°C,
and during electrical stimulation of the heart at different fre-
quencies. Abscissa, time (in min); ordinate, diastolic pressure
(in mm Hg). Frequency of electrical stimulation: 1) 8 Hz, 2)

6 Hz, 3) 4 Hz, 4) 2 Hz. Results of 5-7 experiments givean in
each group (M = m).

In the animals of both groups the beginning of reperfusion was associated with the onset
of arrhythmia. In six of nine experiments on guinea pigs' hearts fibrillation developed, and
lasted.on average 110 * 43 sec. Fibrillation was not observed in experimentson rats' hearts.
Restoration of a regular rhythm took place earlier in rats (after 4.6 £ 1.2 min) than in guin-
ea pigs (after 17.2 = 3.2 min of reperfusion, P < 0.01); the heart rate in both groups of ex-
periments returned virtually to its initial value after 15 min. The contractile function of
the rats' heart also was restored sooner and more completely (Table 1). After this same dura-
tion of ischemia virtually complete recovery of the force of contractions of the isolated pap-
illary muscles of the rats was observed [2].

The development of ischemic contracture in the rats' hearts could be connected with the
slower lowering of the heart raté. In this connection, experiments of series IT were performed
on rats' hearts, whose frequency of contractions before and during ischemia was controlled by
means of an electrical stimulator at frequencies of between 2 and 8 Hz. A frequency of 2 Hz
was imposed against the background of atrioventricular blockade. Tt will be clear from Fig. 1
that .the rate of development of contracture was maximal during stimulation with a frequency of
6-8 Hz and minimal at a frequency of 2 Hz. The original intensity of the contractile function
(the product of developed pressure and heart rate) at a frequency of stimulation of 6-8 Hz
was greater than at 2 Hz, even though the developed pressure in the latter case was approx-

- imately twice as great. After 5 min of complete ischemia, differences in the intensity of the
contractile function at frequencies of stimulation of 2 and 6 Hz were still present, for the
developed pressure was reduced about equally (tenfold). The reduction of the developed pres-
sure to zero took place faster at a frequency of stimulation of 6-8 Hz (after 7-8 min of is-
chemia) than at 4 Hz (after 13 min) or with 2 Hz (16th minute of ischemia).

Consequently, the higher intensity of contractile function during the first 5 min of is-~
chemia at a high frequency of stimulation was accompanied by a faster rate of increase of con-
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TABLE 2. Changes in Diastolic Pressure and
in K' Concentration and pH of Extracellular
Medium of Rats' Hearts (n = 5) and Guinea
Pigs' Hearts (n = 5) during Ischemia and
Electrical Stimulation with a Frequency of

4 Hz
‘s Ischemia
Parameter Group of |Initial N .
animals |[value 5 min |15 min
Diastolic pres- | Rats 13+1 181 483
ea
sure, mn bg g?ég 121 lxlee | 1gaise
K+concenuaﬁon; Rats 6,0 8,240,2 | 9,4+0.3
1 Guinea
y pigs 6.0 10,5::0,6% 113,6:0,8%%
PH Rats 7.24%0,05 | 6,7120,06 |6, 410,04
Guinea |7,2240,03 | 6,59::0,04 6,25:0,04*
pigs

Legend. *P < 0.05, *%P < 0.001 compared
with corresponding values for rats.

tracture. This means that the absence of ischemic contracture in the experiments of series I
on guinea pigs' hearts could in fact be connected with the more rapid fall of the heart rate,

In the experiments of series III the contraction rate of the rats' and guinea pigs’

hearts Was therefore controlled at 4 Hz by means of an electrostimulator, and the dynamics of

and H' accumulation in the extracellular space during ischemia was studied at the same
tlme. Before ischemia the systolic pressure in the rats and guinea pigs was 80 * 2 and 82 #*
2 mm Hg, respectively, whereas during ischemia it fell to zero after 11 min in the experiments
on rats' hearts and after 7 min in the experiments on guinea pigs' hearts. The diastolic pres-
sure in the guinea pigs' hearts was unchanged during ischemia, whereas in the rats' hearts it
rose by 35 £ 3 mm Hg (Table 2).

Changes in developed and diastolic pressure were thus similar in principle to those in
the experiments of series I. They show that the more rapid decrease in intensity of contrac-~
tile function in the initial period of ischemia was combined with the development of a smaller
contracture. This is in agreement with data showing a decrease in the degree of contracture
and in the degree of lowering of the ATP concentration, if the intensity of contractile func-
tion before or in the initial period of ischemia was reduced under the influence of inhibitors
of Ca™ inflow and of hypocalcium, hyperpotassium, or hypermagnesium solution [4, 6]. A situa-
tion of this kind is characteristic of guinea pigs' hearts: Contracture did not appear during
10 min of ischemia [9] or during 15 min in the present experiments.

The lowering of the frequency and force of contractions while the ATP concentration re-
mains relatively high may take place as a result of intracellular acidosis and accumulation of
extracellular Kt [1, 7, 10]. As a result, the membrane potential was lowered and the maximal
rate of depolarization and the’ duraflon of the action potential were reduced [8]. In the pres-
ent experiments accumulation of Kt in the extracellular space of the guinea pigs' hearts took
place about twice as quickly as in rats, during the first minutes of ischemia, and after 15
min the difference with respect to XK' was combined with higher extracellular acidosis (Table
2) On a similar object, and with ischemia of the same duration, an increase in extracellular
gt activity to the same level as in the present experiments was combined with lowering of the
transmembrane potential to —46 mV [8]. Great accumulation of Kt and changes in transmembrane
potential of the myocardium connected with it in guinea pigs may therefore be one cause of the

more rapid decline of contractile function, of delayed ATP consumption, and weakening of con-
tracture during ischemia.

Abolition of this protective mechanism at the beginning of reperfusion, when K and #*
ions accumulated in the extracellular space are quickly vemoved {1l], is accompanied by in--
creased penetration of Ca’™ into the cells [{4]. Under these comditions the longer action po-
tential and other differences in the Ca transport system in the myocardial cells of guinea
pigs probably contribute to their greater overloading with ca’™ ions and the onset of fibril-
lation. This means that absence of ischemic contracture is still no guarantee of better re-
covery of function during reperfusion.
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Diabetes mellitus is one of the commonest diseases of the endocrine system in man. Among
the many structural and functional disturbances observed in this diseases, changes in the im-
munity system are. not the least important [1, 5-7]. Lowering of the resistance of the body to
infectious diseases, and the associated development of angiopathies [3], etc. are a charac-
teristie feature of diabetes [9]. Experimental observations have shown that lymphopoiesis
may be disturbed in this disease. TFor instance, marked inhibition of lymphophoiesis has
been found in the thymus of pancreatectomized rats [8] and of mice with alloxan diabetes [4].

Accordingly, in the investigation described bélow, the state of lymphopoiesis was studied
in animals with alloxan diabetes.

EXPERIMENTAL METHOD

Experiments were carried out on noninbred male albino mice weighing 20-25 g, in some of
which alloxan diabetes was induced by a single subcutaneous injection of a 4% solution of al-
loxan hydrate (from Lachema~Chemapol, Czechoslovakia), in a dose of 400 mg/kg on an empty
stomach. The group of diabetic animals consisted of mice in which the bloed sugar concentra-
tion determined by the orthotoluidin method standardized in the USSR, when tested twice on
the 3rd and 1l4th days after injection of alloxan, was not below 14 mM (250 mgZ). To rule out
any possible toxic effect of alloxan .itself on lymphopoiesis, a control group of 13 mice was
formed, into which the compound was injected in the same dose as into the diabetic mice, but
these mice did not develop diabetes because of their individual resistance. The blood sugar
concentration in these animals on the 14th day after injection of alloxan did not differ sig-
nificantly from that in intact healthy mice.

The total leukocyte count, the absolute and relative lymphocyte counts, and the number
of T-, B-, and O-cells separately, identified by the cytochemical reaction for acid phospha-
tase, detected by the methed of Goldberg and Barka [2], were determined in the peripheral
blood of all the mice 2 weeks after injection of alloxan. After blood analysis, all the ani-
mals were given an intraperitoneal injection of “H-thymidine (All-Union "Izotop' Combine,
specific activity 925 GBq/mmole) in a dose of 40 MBq/kg, 1 h before the animals were killed
by cervical dislocation. The weight of the lymphoid organs, their relative weights, and their
cell composition, and the number of myelokaryocytes in the femoral diaphysis were determined
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