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Bleomycin-induced lung pathology in rodents is a well recognized animal model widely used for evaluation of new therapeutic ap-
proaches in treatment of lung inflammation and fibrotic diseases. It is documented that poly(ADP-ribose)polymerase 1 activity has a signifi-
cant role in development of inflammatory processes in the heart, liver and brain. Herein, we used biochemical and immunochemical me-
thods for estimation of poly(ADP-ribose)polymerase 1 (PARP 1) activity, NAD+ and poly(ADP-ribose)glycohydrolase (PARG) protein 
content  in rat lung nuclei during the inflammatory phase in a bleomycin-induced one-hit rat model. To evaluate the influence of bleomycin 
– induced alterations in DNA structure on regulation of poly(ADP-ribose)polymerase 1 activation pathways, we isolated DNA from nuclei 
of lung tissues  in the phase of acute lung inflammation induced by bleomycin, and DNA melting profiles were investigated. In the present 
study we investigated whether naturally occurring water-soluble polyphenol tannic acid with widely accepted anti-fibrotic and anti-
inflammatory effects can influence poly(ADP-ribose)polymerase 1 activity, NAD+ and poly(ADP-ribose)glycohydrolase protein content in 
nuclear fraction isolated from rat lung tissues in a bleomycin-induced acute lung injury model. It was demonstrated that NAD+ level and 
poly(ADP-ribose)glycohydrolase protein content decreased in rat lung nuclei during the inflammatory phase in the bleomycin-induced acute 
lung injury model. Treatment of rats with tannic acid enhanced the effects displayed by bleomycin in lung nuclei, thus indicating synergistic 
interaction with the drug in the field covering PARP 1 activity, poly(ADP-ribose)glycohydrolase (PARG) protein and NAD+ content in 
lung nuclei. We observed PARP 1 inhibition in nuclei of lung tissue during the inflammatory phase in the bleomycin-induced acute lung 
injury rat model, which could be coupled with the drop of NAD+ level in nuclei. In the present study we highlighted that bleomycin (BLM) 
can induce DNA destabilization in lung nuclei. It was proposed that bleomycin-induced modulations in DNA structure could hamper PARP 
1 binding with DNA and down-regulate the enzyme activating pathway in lung nuclei. The role of poly(ADP-ribose)glycohydrolase deple-
tion in lung nuclei  and sequential accumulation of poly(ADP-ribose)polymers in lung cells, which triggers their destruction and tissues 
damage, was proposed. It is suggested that in the light of synergistic interaction between bleomycin and tannic acid (TA) the anti-
inflammatory role of tannic acid should be repurposed.  

Keywords: single challenge bleomycin rat model; poly(ADP-ribose) polymer metabolism; tannic acid; DNA melting profiles; activity regu-
lation pathways.  

Introduction  
 

PARP 1 is a chromatin-associated multifunctional enzyme involved 
in a broad spectrum of structural and functional activities responsible for 
genomic integrity, DNA repair, transcriptional activity, cell survival and 
death (Gupte et al., 2017). The enzyme is an abundant nuclear protein 
with complex modular structure. PARP 1 catalyzes NAD+ hydrolysis to 
nicotine amide and ADP-ribose moieties with sequential transfer of ADP-
ribose units to serine, tyrosine and glutamic acid residues localized to the 
auto-ribosylation domain of the enzyme molecule (auto-polyADPribosy-
lation) and to acceptor proteins in the vicinity of PARP 1 (trans-polyADP-
ribosylation). Poly(ADP-ribose)polymers (PARp) are formed by sequen-
tial addition to the first protein-bound unit of other ADP-ribose moieties 
via 2´OH of the ribose residue. The linear stretches of PARp usually 
branch every 20–50 ADP-ribose units. Branching occurs at the 2´́  OH of 
the ribose moieties. High negative charge of PARp strands affect protein 
structure and functions (Demeny & Virag, 2021). Activity of PARP 1 
dramatically increased when it binds to DNA free ends via ZI and ZII Zn-
fingers, localized to specific DNA-binding domain of the enzyme mole-
cule (D’Amours et al., 1999). The most intriguing feature of PARP 1 is its 
ability to undergo auto-poly(ADP-ribosylation) (auto-PARylation) within 
the auto-modification domain. Introduction of negatively charged PAR 

chains into the auto-PARylation domain of the enzyme results in destabi-
lization of the molecular microenvironment and weakens PARP 1 affinity 
for DNA. In the DNA damage repair process, short-term binding of 
PARP 1 to DNA free ends occurs and PARP 1 activation attracts repair 
proteins which initiate DNA repair pathway to a specific point, where 
PARP 1 molecule turned to a mechanical obstacle for repair machinery. 
Heavily auto-PARylated PARP 1 molecules dissociate from DNA-
binding sites (Muthurajan et al., 2014), thus enabling repair proteins to 
localize in the site of DNA damage and complete damage repair (Hopkins 
et al., 2019). When the loosened state of chromatin is required for the free 
access to DNA in relatively prolonged processes (e.g. transcription, DNA 
replication), accumulation of highly polyADP-ribosylated chromatin-
associated proteins is needed (Tulin et al., 2003). This is achieved due to 
PARP 1 binding to specific non-B DNA structures (e.g. distortions in the 
DNA helical backbone, unpaired regions of double-strand DNA, cruci-
form and hairpins). Interactions of PARP 1 with non-B DNA structures 
lead to sequential catalytic activation of auto-PARylation and trans-
PARylation of chromatin associated proteins even in the absence of DNA 
free ends (Lonskaya et al., 2005; Edwards et al., 2021). Chromatin loosen-
ing is maintained by continuous PARP 1 activation via interaction of C-
terminal domain of the enzyme with histone H4 (Thomas et al., 2019). It 
has been proposed that different functions of PARP 1 are coordinated by 
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interactions between different domains of the enzyme molecule and their 
targets (Langelier et al., 2018). Once bound to DNA in the presence of an 
inhibitor, PARP 1 remains bound (it is “trapped”) onto chromatin, hinder-
ing many chromatin-associated functions.  In the case of DNA lesions 
PARP 1 trapping accelerates replication fork collapse and progression of 
double-strand breaks (Pommier et al., 2016). Dynamic association and 
dissociation of PARP 1 chromatin play a crucial role in regulation of 
many chromatin-associated functions and PARP 1 trapping has a detri-
mental effect on vital functions in cells.  

Cancer cells are prone to proliferation and often bear defective DNA 
damage repair systems. In this context, inhibition of PARP 1 enzymatic 
activity came into focus as a promising strategy in chemotherapy of can-
cer patients treated with DNA damaging agents (alkylating agents, UV- 
and X-ray treatment). At present, four PARP 1 inhibitors (PARPis) olapa-
rib, talazoparib, niraparib and rucaparib are approved for clinical use and 
they are exploited as single agent therapy or in combination chemothera-
peutic regimen in treatment of cancer patients. The clinical impact of 
PARP 1 inhibitors is not limited to cancer therapy but also reaches patho-
logies that are characterized by inflammation (Berger et al., 2017). It was 
reported that the level of protein PARylation increased in lung tissues of 
BLM challenged mice and preclinical data revealed therapeutic benefits of 
PARP 1 inhibition in multiple models of acute lung injury (Lucarini et al., 
2017; Pazzaglia & Pioli, 2020; Szabo et al., 2020). However, the extent of 
protein PARylation in cells depends on dynamic balance between cellular 
PARPs and the enzymes responsible for PAR degradation i.e. poly(ADP-
ribose)glycohydrolase (PARG) and ADP ribosyl hydrolase 3 (Harrison 
et al., 2020). Thus, it should be taken into account that the level of protein 
PARylation is determined by complex interplay of functionally linked 
enzymes responsible for PARp synthesis and degradation i.e. PARP 1 and 
PARG. Coming from this, we were interested in examining whether 
BLM could directly affect PARP 1 activity, PARG protein and NAD+ 
content in nuclear fraction of BLM-challenged rat lung tissues. It is well 
documented that BLM causes DNA single-and double-strand breaks 
which cease replication and transcription. In addition, BLM can bind to 
DNA by intercalation of its bithiazole unit between DNA bases within the 
DNA minor groove (Murray et al., 2018). Considering the role of DNA in 
PARP 1 activating mechanisms we were interested in examining whether 
BLM can induce structural changes in nuclear DNA isolated from lung 
tissues.  

Naturally occurring water-soluble polyphenol tannic acid (TA), 
which has been exploited for centuries as an anti-inflammatory agent, ate-
nuates fibrotic alterations in the liver (Chu et al., 2016; Reed et al., 2019). 
In the present study we investigate whether anti-fibrotic and anti-inflam-
matory effects of TA could be associated with its effects on PARP1 activi-
ty, PARG and NAD+ content in lung tissues of rat in the inflammatory 
phase of BLM-induced acute lung injury.  
 
Materials and methods  
 

Animals and treatments. Wistar albino male rats (6 weeks old) weig-
hing 100–120 g were used throughout the experiments. The animals were 
obtained from stock of the animal house of YSU Biology Faculty, fed 
with standard diet and water ad libitum, and housed in plastic cages at 
20 ºC with a 12-hr light/dark cycle. The  animals were cared for and used 
according to the Guide for the care and use of laboratory animals (Guide 
for the care and use of laboratory animals, 8th edition. Washington (DC), 
National academies press (US), 2011). The experimental protocols were 
designed in compliance with the National Centre of Bioethics (Armenia) 
and the European Community regulations on animal experimentation for 
scientific purposes (D.M. 116192; O.J. of E.C. L358/1 12/18/1986). The 
experiments were approved by the local Animal Ethics Committee (Yere-
van State University).  

The animals were standardized by weight and divided randomly into 
three different groups of 12 animals each. The first group was treated with 
intra-peritoneal injection 200 μL of saline and was referred to as the con-
trol group. To induce acute lung inflammation, the second group of rats 
was injected with BLM (Med chem express, USA, lot: hy-17565/cs-
3071, 2023). 2 U/kg of BLM diluted in 200 μL of saline was delivered by 
single intra-peritoneal injection. The third group rats were injected with 

TA (Sigma Aldrich, # 1401-55-4, USA, 2023) (10 mg/kg in 200 μL of 
saline) 24 hours after BLM administration and daily during the next seven 
days. Delivery of TA was interrupted on day 8 after BLM challenge and 
the experiments proceeded for a further seven days (up to day 15 after 
BLM injection). 

Nuclei isolation from lung tissues. The rats were killed after anesthe-
sia with ethyl ether and their lungs were harvested immediately postmor-
tem. For isolation of the nuclei lungs were minced on ice and homoge-
nized in 0.25 M sucrose buffered with 20 mM Tris containing 15 mM 
NaCl, 60 mM KCl, 0.15 mM spermine and 0.5 mM spermidine. Nuclei 
were isolated according to Hewish and Burgoyne (Hewish & Burgoyne, 
1973). Purified lung nuclei were suspended in isolation media and norma-
lized to 1 mg DNA/mL content. In in vitro experimental settings biochem-
ical measurements were conducted after incubation of the lung tissues’ 
nuclei of the control group animals for 2 hours in media, where 10 μM 
BLM or TA was added when necessary.  

Estimation of intra-nuclear NAD+ content. Nuclei collected from rat 
lung tissues were pelleted by centrifugation (900 g for 15 min). Superna-
tants were discarded and ice-cold 0.5 N HClO4 was added to the nuclear 
pellets. Acid-soluble materials were extracted and insoluble acidic pellets 
were discarded after centrifugation (15 min 9000 g). Supernatants were 
moved to fresh tubes and equal volume of 1 N KOH was added to neu-
tralize the acid. NAD+ content was estimated in neutralized supernatant 
which was clarified by centrifugation at 9000 g for 15 min. NAD+ was 
determined via the chemical quantitation that relies on its ability to interact 
with acetophenone and form a compound that has a characteristic UV 
signal with maximum absorbance at 378 nm (Putt & Hergenrother, 2004). 
NAD+ content was defined as NAD+ mM/mg DNA.  

Isolation and melting of DNA from lung tissues nuclear fraction. 
DNA was isolated from purified lung tissue nuclei according to standard 
protocol (Sambrook & Russel, 2001) and concentrations were measured 
by spectrophotometric method, using extinction coefficient ε260 =  
6600 M–1 cm–1. Melting of DNA isolated from naked lung nuclei was 
performed on UV/VIS PYE Unicam-SP8-100 (UK), at the maximum 
wavelength 260 nm. The heating of thermostat-controlled cell (3 mL) was 
carried out, employing SP 876 Series 2 program device. The length of 
optic pathway was 1 cm. The heating rate of the thermostat-controlled cell 
was 0.5 °C/min and the temperature was automatically recorded in every 
60 s. Data were displayed on PC monitor employing Lab View software 
(National Instruments, USA, 2023). Temperature and absorption data 
were modified and saved with Microsoft Excel Office 10 software pack-
age.  

PARP 1 assay. Nuclei were gently suspended in PARP assay buffer 
containing 20 mM Tris, 6 mM MgCl2, 1 mM CaCl2, pH 7.4. Density of 
nuclear suspension was normalized to 1 mg DNA/mL. PARP reaction 
was initiated by addition of NAD+ stock solution  to 1000 µL aliquot of 
nuclear suspension (0.5 mM NAD+ in incubation media). The reaction 
was carried out for 10 min at 37 °C and was stopped by centrifugation at 
13000 g, 4 °C for 2 min to discard the nuclear pellets. 50 µL aliquot sam-
ples of supernatant were transferred to the Falcon UV-Vis transparent 96-
well plate. Residual NAD+ quantitation in nuclei incubation media was 
performed by sequential addition of 2 M KOH, acetophenone (20% in 
EtOH) and 88 % formic acid, in accordance with the original assay (Putt 
& Hergenrother, 2004). Absorbance of PARP assay mix containing 
0.5 mM NAD+ was measured at 378 nm. The amount of NAD+ was 
determined by using the NAD+ calibration curve and PARP 1 activity 
was defined as NAD+ consumed by nuclei in 10 min per mg of DNA.  

In a different set of experiments PARP 1 activity was assessed after 
in vitro incubation of naked nuclei in isolation media containing BLM 
(10 μM) and NAD+ 0.5 mM within 2 hours. After incubation the nuclei 
were pelleted (900 g, 10 min) and supernatant was discarded. Nuclei were 
suspended in incubation media and precipitated (900 g, 10 min) to elimi-
nate the input of NAD+ absorbed on the nuclear surfaces. This step was 
essential for precise control of NAD+ content in PARP 1 assay buffer. 
Final nuclear pellets were suspended in PARP 1 assay buffer and PARP 1 
activity was assessed by the method described above.  

PARG protein in lung nuclei. Lung nuclei were suspended in PBS 
and normalized to 1 mg DNA/mL. PARG protein was assessed according 
to recommendations of manufacturer of PARG, ELISA kit (MY Bio 
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Source, Inc, USA, Rat PARG ELISA kit, catalog number: MBS9336031, 
2023) in 100 μL samples of nuclear suspension. The data were presented 
as nanograms  PARG protein per 1 mg protein. Protein was assessed with 
Folin-Ciocalteu reagent (Lowry et al., 1951).  

Statistical analysis. For each assay, data were statistically analyzed us-
ing Statgraphics 19 SPC software package (Statgraphics Technologies, 
Inc., Virginia, USA, 2023). Multiple groups were compared using one-
way analysis of variance (ANOVA). Results were presented as means ± 
SD from 3 independent experiments. Difference in NAD+, PARG levels 
and PARP 1 activity were further analyzed using Least Significance Dif-
ference. Values P < 0.05 were regarded as statistically significant.  
 
Results  
 

PARP 1 activity. After administration of BLM to rats PARP 1 activity 
in nuclear fraction isolated from lung tissues decreased and dropped nearly 
two fold on day 8. On day 15 after BLM injection into rats PARP 1 acti-
vity was partly restored and reached nearly 70% basal PARP 1 activity.  

Daily injections of TA during 7 days induced almost complete inhibi-
tion of PARP 1 activity in lung nuclei of BLM challenged rats. Within 7 
days after interruption of treatment with TA PARP 1activity was not 
restored to basal level (Fig. 1a).  

a   

b  
Fig. 1. PARP 1 activity in lung tissues nuclei of rats (x ± SD, n = 4  
animals per each point on graph, duration of experiment – 23 days):  

a – rats were treated with 2 U/kg of bleomycin; 2 – daily injected with TA 
(10 mg/kg), arrows indicated TA injections into animals; b – nuclei iso-
lated from lung tissues of control group rats and incubated in vitro in dif-

ferent incubation media; abscissa shows incubation media: 1 – nuclei 
isolation media, 2 – nuclei isolation media containing 10 μM BLM;  

3 – nuclei isolation media containing 10 μM TA  

The results were obtained from 3 independent experiments. A one-
way analysis of variance (ANOVA) test was applied for PARP 1 activity 
considering P < 0.05 as statistically significant. In in vitro experimental 
settings lung nuclei isolated from the control group rats were exposed to 
BLM or to TA for 2 hours. Here, BLM induced inhibition of PARP 1 
activity was observed (40% decrease), whereas TA did not affect PARP 1 
activity (Fig. 1b).  

DNA melting profiles. Treatment of rats with BLM did not alter mel-
ting profiles of DNA isolated from lung nuclei in 8 days after injection 
(Fig. 2a). When nuclei isolated from lung tissues of healthy rats were 
exposed to BLM added into nuclei incubation media in in vitro experi-
mental settings (10 μM), the DNA melting temperature shifted to low 
temperatures from 65.2 °C to 39.9 °C. The changes of ΔT decreased from 
24.5 °C in control to 11.9 °C after nuclei incubation with BLM (Fig. 2b).  

Intranuclear NAD+ and PARG protein content. Our data show that 
in 8 days after BLM administration to rats NAD+ content in the nuclear 
fraction collected from lung tissues dropped nearly by 25%. On day 15 
after BLM injection to rats decrease in NAD+ content proceeded. In the 
case when TA was delivered to rats by systemic daily intraperitoneal 
injections (within 8 days after BLM administration) NAD+ content de-
creased nearly two-fold. After interruption of TA daily injections, when 
BLM-induced pathology was allowed to evolve for next 7 days (15 day 
after BLM administration) intra-nuclear NAD+ content tended to restore 
up to the level documented for the effect of BLM single injection (Fig. 3).  

a b 

Fig. 2. Melting curves of DNA isolated from lung tissue nuclei:  
a – 1 nuclei were isolated from lungs collected from intact rats, Tm 

65.5 °C; ΔT = 23.5 °C; 2 – nuclei isolated from lungs of rats 8 days after 
BLM administration, Tm 65.3 °C; ΔT = 23.5 °C; b – 1 nuclei isolated 

from lungs harvested from control group rats and incubated in isolation 
media for 2 hours, Tm 65.2 °C; ΔT = 24.5 °C; 2 – nuclei isolated from 

control group rats and incubated 2 hours with 10μM BLM, Tm 39.9 °C; 
ΔT = 11.9 °C; abscissa shows the melting temperature (1-ɵ); ANOVA 
test was applied for ΔT considering P < 0.05 as statistically significant  

 
Fig. 3. NAD+ content in lung nuclei of rats (x ± SD, n = 4 animals per 

each point, duration of experiment – 23 days): 1 – rats treated with BLM 
(2 U/kg); 2 – rats co-treated with TA 10 mg/kg, arrows indicate days of 

TA administration; the results represent 3 independent experiments; 
ANOVA test was applied for NAD+ content considering P < 0.05 as 

statistically significant  

The level of PARG protein content in lung nuclei dropped more than 
twofold in the 8 days after BLM administration to rats. 15 days after BLM 
administration to rats, PARG content returned to 75% basal level. Daily 
administration of TA which started 24 hours after initial treatment of rats 
with BLM and lasted for 7 days (8 days after BLM injection to rats) did 
not reliably affect dynamics of PARG protein content which were induced 
by BLM administration (Fig. 4).  
 
Discussion  
 

BLM- induced acute lung injury (ALI) rodent models are widely ex-
ploited within the scope of new anti-inflammatory and anti-fibrosis drug 
design. It was reported that the level of proteins PARylation increased in 
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lung tissues of BLM challenged mice (Lucarini et al., 2017; Szabo et al., 
2020). However, considering that the level of protein PARylation is de-
termined by complex interplay between PARP 1 and PARG,we suppose 
that increased PARylation in BLM-induced ALI mice lung tissues could 
be maintained not only by activation of polymer synthesis via PARP 1 
activation, but also through down-regulation of PARp cleavage realized 
by PARG. Here, we were interested in examining whether BLM and anti-
inflammatory natural agent TA could modulate PARP 1 enzymatic activi-
ty, PARG protein and NAD+ content in nuclear fraction in BLM-
challenged rat lung tissues.  

 
Fig. 4. PARG protein content in lung nuclei of rats treated with:  

1 – BLM (2 U/kg); 2 – co-treated with TA, arrows indicate days of TA 
injections; x ± SD, n = 4 animals per each point on graphic, duration of 
experiment – 23 days; the results represent 3 independent experiments; 

ANOVA test was applied for PARG content considering P < 0.05  
as statistically significant  

Our results show that in 8 days after BLM injection to rats PARP 1 
activity in lung nuclei was markedly inhibited and on day 15 after BLM 
challenge only 70% basal enzyme activity was restored. According to 
these data, the development of BLM -induced inflammatory processes in 
lung tissues of rats were not paralleled with PARP 1 activation.  

It is documented that natural hydrolysable polyphenol TA displays a 
broad spectrum of anti-inflammatory, neuro-protective, antitumour, car-
dio-protective, and anti-pathogenic effects (Wang et al., 2009; Jing et al., 
2022). To study whether TA could impact PARP 1 activation pathways in 
rat lung tissues within the inflammatory phase of BLM-induced ALI, TA 
was administered to rats 24 hours after BLM challenge. Daily TA injec-
tions were continued within the next seven days and were interrupted on 
day 8 starting from BLM challenge. We revealed that daily injections of 
TA caused dramatic inhibition of PARP 1 activity in BLM-induced ALI 
rat lung nuclei. An assumption was made that co-treatment with BLM and 
anti-inflammatory agent TA in the BLM-induced ALI rat model could 
result in synergistic interaction between BLM and TA regarding PARP 1 
inhibition. To segregate direct effects of BLM and TA on PARP 1 inhibi-
tion from the influence of other biochemical events introduced by lung 
inflammation we examined PARP 1 activity in naked lung nuclei col-
lected from healthy rats and incubated in vitro with BLM or TA within 2 
hours. Saturating physiological NAD+ concentration was maintained in 
nuclei incubation media to eliminate PARP 1 inhibition due to substrate 
deprivation. The results demonstrated that BLM inhibited PARP 1 activi-
ty in naked lung nuclei in in vitro settings. These data are in good agree-
ment with observations documented by other investigators who observed 
PARP 1 inhibition by several antibiotics (Berger et al., 2017). In general, 
our data demonstrate that BLM-induced down-regulation of PARP 1 
activity in lung nuclei was not mediated by cytosolic factors and antibiotic 
could directly affect PARP 1 activating pathway in nuclei. In contrast to 
BLM, TA did not affect PARP 1 activity in isolated lung nuclei in vitro. 
We suppose that this could result from withdrawal of certain cytosolic 
agents responsible for TA transport into nuclei.  

It is well established that in addition to DNA single-and double-strand 
breaks which cease replication and transcription, BLM can bind to DNA 
by intercalation of its bithiazole unit between DNA bases within the DNA 
minor groove (Goodwin et al., 2008; Murray et al., 2018). Later it was re-
ported that minor groove binding ligands suppress PARP1 activity (Kir-
sanov et al., 2014). In chromatin the drug targets DNA in linker regions of 

nucleosomes (Bolzan & Bianchi, 2018), which are also recognized as 
preferential binding sites with PARP 1 molecules (Kim et al., 2004). 
Coming from this knowledge, we sought to demonstrate that BLM could 
down-regulate the PARP 1 activating pathway via modulating DNA 
structure in lung nuclei, thus disturbing the initial step in the enzyme acti-
vating pathway. For this purpose we studied melting profiles of DNA 
isolated from lung nuclei of BLM exposed rats.  The results show that in 8 
days after BLM administration the melting profile of DNA was not relia-
bly altered. The structural changes in lung nuclei DNA became obvious 
when isolated lung nuclei were exposed to BLM for 2 hours in in vitro 
experimental settings. Melting curves demonstrated that DNA melting 
temperature shifted towards low values and ΔT significantly decreased. 
These modulations indicated on increased homogeneity of DNA structure 
and its destabilization. In concert with incomplete restoration of PARP 1 
activity in 15 days after BLM treatment, our data suggest that BLM could 
exert a short-term effect on DNA structure in lung nuclei, which vanished 
in 8 days after treatment of rats with BLM. The results obtained in in vitro 
experimental settings come to show that translocation of BLM into nuclei 
was not mediated by any cytoplasmic factor, and support the hypothesis 
that BLM can suppress PARP 1 activation pathway in lung nuclei through 
preventing PARP 1 binding with DNA.  

It is accepted that NAD+ provides an important link between signa-
ling pathways and cellular metabolism. As it was reported inflammation 
induced a drop in cellular NAD+ level (Zhong & Thompson, 2006; Yang 
& Sauve, 2016; Chinia et al., 2017). Apparently, the leading role in deve-
lopment of inflammation and lung injury could be addressed to low 
NAD+ content, which is responsible for slowing down of bioenergetics 
and low metabolic status of cells. Coming from this, we were interested in 
studying whether PARP 1 inhibition could ameliorate NAD+ decrease in 
rat lung nuclei during inflammatory phase of BLM-induced ALI. Our 
data show that in the 8 days after BLM was administered to rats, the 
NAD+ level in lung nuclei dropped nearly two-fold in spite of PARP 1 
inhibition. These data suggest that decrease in NAD+ content in lung 
nuclei of BLM challenged rats is not coupled with PARP 1 activation. 
Daily treatment of rats with TA within 7 days after exposure to BLM 
diminished NAD+ content in lung nuclei two-fold. Though NAD+ level 
in lung nuclei was restored after interruption of treatment with TA a ques-
tion arises whether exploitation of TA as an anti-inflammatory agent could 
serve as a reasonable strategy for lung anti-inflammatory therapy.  

As was mentioned above, the level of protein PARylation in cells de-
pends on dynamic interplay between PARP 1 and the PARp hydrolyzing 
enzyme PARG. Nevertheless, quantification of PARp had been accepted 
as the method of estimation of PARP 1 activity in many studies (Szabo 
et al., 2020), whereas the role of PARG in maintaining PARp content in 
cells is often undermined. Here we study the changes in PARG protein 
content in lung nuclei of rats in the BLM-induced ALI model.  

The results show at BLM induced decrease in PARG protein content 
within 15 days after administration of BLM to rats. This is in good agree-
ment with data of authors who indicated an elevated content of PARp in 
tissues during inflammation. We suppose that the BLM-induced decline 
in PARG content could be responsible for accumulation of cytotoxic 
PARps which provoke damage to lung cells and tissues (Andrabi et al., 
2006). Nowadays, the curative potential of TA is evaluated in the context 
of its effect on PARG expression and accumulation of PARp in cells (Sun 
et al., 2012). We focused on the potential effect of TA on PARG content 
in lung nuclei in the initial inflammation period of BLM-induced ALI rat 
model. However, our data show that TA did not reliably change the dy-
namics of PARG content induced by BLM. Interruption of TA treatment 
restored NAD+ content to the level displayed by the lung nuclei on day 15 
after BLM injection to rats. The results of the present study show that 
BLM and TA exhibit synergistic interaction regarding PARP 1 activity 
and intra-nuclear NAD+ content in lung nuclei. Though TA has attracted 
much attention in recent years due to its curative effects, the knowledge of 
mechanisms involved in TA effects is poor. We consider that therapeutic 
activity of TA could be ascribed to its chemical structure, which provide 
hydroxyl groups for formation of cross-links between plethora of biopo-
lymers and macromolecules, thus acting as a effective pharmacological 
reagent according to a hypothesis suggested earlier (Youness et al., 2021).  
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Conclusions  
 

The results of our investigation show that BLM-induced inflamma-
tion in the lungs of rats is not paralleled with PARP 1 activation. Inhibition 
of PARP 1 activity in lung nuclei of BLM treated rats could be maintained 
by the drop in NAD+ level and changes in DNA structure that hampered 
PARP 1 binding and enzyme activation. BLM translocation into lung 
tissues nuclei is not mediated by cytosolic factors. BLM-induced decrease 
in PARG content in lung nuclei could be responsible for PARp accumula-
tion in lung cells, which serves as a death signal with destructive conse-
quences for lung tissues. The natural anti-inflammatory agent TA elicits 
potentially harmful effects during BLM-induced lung inflammation dis-
playing a synergistic effect with BLM in the field covering PARP1 activi-
ty, PARG protein and NAD+ content in lung nuclei.  
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