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Dynorphin A(1-13) increased the number of DNA-synthesizing epitheliocytes in the bronchi
and inhibited free radical oxidation in the lungs of newborn albino rats. Pretreatment with
NC-nitro-L-arginine methyl ester not only abolished, but also reversed the effect of this

peptide.
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Dynorphin A(1-13) is an endogenous opioid prody-
norphin peptide displaying preferential selectivity for
K-receptors. Our previous studies showed that various
opioid peptides, including dynorphin A(1-13), are in-
volved in tonic regulation of DNA synthesis in epi-
thelial and smooth muscle cells of the tracheal mucosa
in newborn albino rats [3]. Published data suggest that
morphogenetic activity of dynorphin A(1-13) is rea-
lized via the nitroxidergic mechanisms [5,10,12]. Here
we studied the effects of dynorphin A(1-13) on DNA
synthesis in epithelial and smooth muscle cells of the
bronchi and free radical oxidation in the lungs of new-
born albino rats pretreated with NS-nitro-L-arginine
methyl ester (L-NAME) inhibiting constitutive nitric
oxide (NO) synthases.

MATERIALS AND METHODS

Experiments were performed on 114 newborn albino
rats. The animals received intraperitoneal injections of
the test substances from the 2nd to 6th day of life.
Group 1 rats received dynorphin A(1-13) (H-Tyr-Gly-
Gly-Phe-Leu-Arg-Arg-Ile-Arg-Pro-Lys-Leu-Lys) in a
dose of 0.82x10~7 mol/kg (Laboratory of Peptides,
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Russian Research-and-Production Center for Cardio-
logy). Group 2 rats were injected with L-NAME (ICN
Biomedicals Inc.) in a dose of 9.3x10—° mol/kg.
Group 3 rats received dynorphin A(1-13) 30 min after
administration of L-NAME. Control animals were in-
jected with isotonic NaCl. The rats were decapitated
24 h after the last treatment.

DNA synthesis was studied by autoradiography.
The rats intraperitoneally received *H-thymidine in a
dose of 1 uCi/g (specific activity 1570 TBg/mol) 1 h
before decapitation. Autoradiographs were prepared
routinely. The number of S-phase epitheliocytes and
smooth muscle cells of cartilaginous bronchi (index of
labeled nuclei, ILN, %) was determined. The method
of chemiluminescence (CL) was used to estimate the
intensity of free radical oxidation in lung homogenates
[1]. CL was recorded on a LS 50B luminescence spec-
trometer (Perkin Elmer). Signals were standardized
using Finlab software. The intensity of spontaneous
and Fe?"-induced CL was evaluated as described else-
where [2]. Total CL over 1 min of spontaneous CL
(Ssp) correlated with the intensity of free radical pro-
cesses. The maximum flash amplitude (#) of Fe*'-
induced CL reflected the content of lipid hydroper-
oxides. Total CL measured recorded over 4 min of the
post-flash period (S,\p) reflected the rate of free radi-
cal formation. Kinetic parameters of H,0,-induced
luminol-dependent CL [1,6,8] were analyzed by the
maximum amplitude of the first flash (H,) reflecting
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the intensity of radical generation in Fenton-like reac-
tions, maximum amplitude of flash 2 (H,) correlating
with activity of antiradical systems, and interval (¢)
between H, and H, that depended on the state of the
antioxidant systems. Parameters of CL were calculated
per 1 mg lipids and expressed in relative units. Total
lipid content was estimated by the phosphovanillin
method using Lachema kits.
The results were analyzed by Student’s ¢ test.

RESULTS

Five injections of dynorphin A(1-3) increased the count
of DNA-synthesizing epitheliocytes (1.5-fold increase in
ILN), but not smooth muscle cells in the bronchi (Table
1). In the lungs we observed an increase in the buffer
capacity of antioxidant protective systems, a decrease in
the content of lipid hydroperoxides, inhibition of per-
oxide radical formation, and a shift of the redox po-
tential toward the reduction component, as seen from
changes in ¢, h, S\\p, and Sg,, respectively (Table 2).
The observed modulation of biogenesis of reac-
tive oxygen species (ROS) with dynorphin A(1-13)
was indirectly confirmed by published data [7,9].
Our previous studies showed that the blockade of
NO synthesis with L-NAME induces various changes
in the number of DNA-synthesizing nuclei, which de-
pends on the type of cells [4]. This parameter de-
creases in epitheliocytes, but increases in smooth muscle
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cells. These changes are accompanied by the develop-
ment of oxidative stress in the lungs of newborn albino
rats (Tables 1 and 2).

Pretreatment with L-NAME not only abolished,
but also reversed the effect of dynorphin A(1-13) on
DNA synthesis in epitheliocytes. In these rats ILN
decreased compared to animals receiving L-NAME.
The peptide had no effect on the number of DNA-
synthesizing smooth muscle cells during blockade of
NO synthesis. ILN for smooth muscle cells did not
differ from that observed after administration of L-
NAME (Table 1).

Under conditions of NO synthesis blockade dy-
norphin A(1-13) produced an opposite effect on the
redox potential in rat lungs. The changes in CL para-
meters indicated that combination treatment with
L-NAME and dynorphin A(1-13) induces more severe
disturbances in the free radical state compared to those
observed after administration of the inhibitor alone
(Table 2). The balance was shifted toward decompen-
sated accumulation of ROS. Published data confirm
the ability of dynorphin A(1-13) to aggravate oxi-
dative stress [14,15]. Dynorphin A(1-13) decreases the
content of reduced glutathione and induces overpro-
duction of ROS (superoxide anion and hydroxyl ra-
dicals) in rat ischemic myocardium.

Under physiological conditions dynorphin acts as
a vasodilator agent. Inversion of the effect of dynor-
phin was previously observed in newborn pigs with

TABLE 1. Effects of Dynorphin A(1-13) and L-NAME on DNA Synthesis in Epitheliocytes and Smooth Muscle Cells in the

Bronchi of Newborn Albino Rats (ILN, %, M+m)

. L-NAME and

Cells Control Dynorphin A(1-13) L-NAME dynorphin A(1-13)
Epitheliocytes 1.86+0.12 2.79+0.13* 1.45+0.11* 1.07+0.10**
Smooth muscle cells 0.526+0.034 0.526+0.034 0.854+0.071* 0.763+0.057*

Note. Here and in Table 2: p<0.05: *compared to the control; ‘compared to the L-NAME group.

TABLE 2. Effects of Dynorphin A(1-13) and L-NAME on Chemiluminescence in Lung Homogenates from Newborn Albino

Rats (M+m)
Parameter Control Dynorphin A(1-13) L-NAME dyr']-c'):“pAh':’r'lE A"Z‘?ﬂ 3
S, rel. units 6.27+0.20 4.83+0.13* 15.14+0.63* 17.50+0.25**
Fe?-induced CL
h, rel. units 0.086+0.002 0.059+0.004* 0.145+0.005* 0.192+0.006**
Spp rel. units 44.48+1.75 27.35%1.14* 85.49+2.37* 93.23+1.99**
H,0,-induced luminol-dependent CL
H,, rel. units 0.138+0.007 0.122+0.006 0.742+0.005* 0.853+0.008**
t, min 0.84+0.04 1.18+0.04* 0.52+0.02* 0.40+0.03**
H,, rel. units 0.473+0.023 0.416+0.025 0.794+0.048* 0.945+0.021**
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brain trauma, and this inversion was abolished by pre-
parations containing superoxide dismutase and cata-
lase [13]. Administration of L-NAME is probably fol-
lowed by oxidative structural modification of the pep-
tide, which affects its biological properties. Our
assumption is confirmed by published data that native
dynorphin suppresses the respiratory burst in human
polymorphonuclear leukocytes, while ROS-pretreated
dynorphin activates this process [11].

Our experiments with L-NAME showed that the
effects of 5-fold treatment with dynorphin A(1-13) on
DNA synthesis in epitheliocytes of the bronchi and
free radical oxidation in the lungs of newborn albino
rats are realized via the nitroxidergic mechanisms.
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