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ABSTRACT

Context. Chemical abundance radial gradients provide key information on how the processes that affect chemical enrichment of the
gas-phase interstellar medium (ISM) act at different galaxy scales. In the past decades, though there has been an increase in the
number of galaxies studied with integral field spectroscopy, there is still not a clear picture on a subsequent characterization of the
chemical abundance radial gradients in galaxies hosting active galactic nuclei (AGNs). This lack of studies is even more accentuated
in the case of low-ionization nuclear emission-line regions (LINERS).

Aims. For the first time, we analyze the chemical abundance radial gradients in a sample of LINER-like galaxies, whose nuclear
emission has been previously discussed (Paper I).

Methods. We used a sample of 97 galaxies from the Mapping Nearby Galaxies at Apache Point Observatory (MaNGA), whose
nuclear regions show LINER-like emission. We used the open-source code HII-CHI-MISTRY to estimate the chemical abundance
ratios 12+1log(O/H) and log(N/O) in the HII regions across the disks in our sample as well as in the nuclear parts where the LINER-
like activity dominates. To fit the radial profiles, we used a piecewise methodology that uses a non-fixed number of breaks to find the
best fit for the data.

Results. We find that a majority of our sample of galaxies exhibit departures from the single linear gradient both in 12+log(O/H)
and log(N/O), as expected from the inside-out scenario. We investigated whether these departures are driven by galaxy properties
(stellar mass, neutral gas mass, stellar velocity dispersion) but found no correlation at all. We also report that in most cases, there is
no correlation between the shape of the 12+log(O/H) and log(N/O) radial profiles. We propose a model in which AGN feed(back),

acting at different scales depending on the galaxy and its evolutionary stage, might be responsible for these departures.
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1. Introduction

The metal content of the gas-phase interstellar medium (ISM)
contains the footprints of the evolutionary processes that shape
host galaxies. As the metals produced by stars are eventually
ejected and incorporated into the ISM and since galaxy mass
assembly is related to star formation, analysis of the metal con-
tent of the gas-phase in galaxies can shed light on galaxy evolu-
tion (e.g., Tinsley 1980).

Many studies analyzing the mean characteristic metallic-
ity of the gas-phase ISM in galaxies have been performed
over the past decades (Peimbert 1967; Lequeux et al. 1979;
Vilchez et al. 1988; Thuanetal. 1995; Higele et al. 2008;
Pilyugin & Grebel 2016) wusing spectroscopic information
from different regimes, such as the ultraviolet (Feltre et al.
2016; Pérez-Montero & Amorin 2017; Pérez-Montero et al.
2023), optical (Pérez-Montero & Diaz 2003; Belfiore et al.
2015; Curtietal. 2017, 2020), and infrared regimes
(Fernandez-Ontiveros et al. 2021; Pérez-Diaz etal. 2022).

* Corresponding author: borja.perezdiaz@inaf.it

These studies require the determination of the physical prop-
erties of the gas-phase ISM, such as temperature and density
(direct method, Osterbrock & Ferland 2006), photoionization
models (Pérez-Montero 2014; Thomas et al. 2018), or strong
line calibrations based on bright emission lines (see Table 1
from Maiolino & Mannucci 2019). Although most studies
of the metal content of the gas-phase ISM are focused on
star-forming galaxies, its study has also recently been extended
to active galactic nuclei (AGNs) (e.g., Pérez-Montero et al.
2019; Dors et al. 2019; Carvalho et al. 2020; Pérez-Diaz et al.
2021).

Oxygen, whose relative abundance is usually expressed as
12+1log(O/H), is generally used as the main tracer of the metal
content (see Maiolino & Mannucci 2019, for a review) due to
its bright emission lines that are easily detected in almost all
spectral ranges (ultraviolet, optical, and infrared) and because
it is the most abundant element in mass in the gas-phase ISM
(Peimbert et al. 2007). However, oxygen expressed in relative
terms to the hydrogen content of the gas-phase ISM is sus-
ceptible to changes in the gas composition due to inflows
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(e.g., Pérez-Diaz et al. 2024), outflows (e.g., Villar Martin et al.
2024), or depletion into dust (e.g., Calura et al. 2008). On the
other hand, information on other chemical species can be pro-
vided to have a better understanding on the ISM chemical
enrichment history. For instance, the nitrogen-to-oxygen ratio,
log(N/O), involves an a-element (O), mainly produced by mas-
sive stars, with nitrogen, which has an extra channel of pro-
duction by means of CNO cycles inside stars of intermediate
mass (e.g., Henry et al. 2000). Thus, under the requirement of
O already present in the ISM from which stars were born, the
simultaneous study of O/H and N/O allows us to quantify the
several effects leading to a dilution of metallicity in the gas-
phase of galaxies.

All of these observational studies of metallicity in the gas-
phase of galaxies can be complemented with theoretical works
based on chemical evolution models (Pagel & Patchett 1975;
Koppen & Edmunds 1999; Spitoni et al. 2019; Sharda et al.
2021), simulations of individual or interacting galaxies
(Montuori et al. 2010; Rupke et al. 2010; Perez et al. 2011), or
cosmological simulations (Mosconi et al. 2001; Lia et al. 2002;
Kobayashi et al. 2007). In such studies, the many astrophysical
processes that enrich the ISM (e.g., supernovae feedback, out-
flow enrichment, and pAGB stars) are incorporated into the sub-
grid modeling or relevant equations, and later on, predictions are
compared to the observational results to constrain and predict the
different ways in which galaxies evolve. In this context, the pre-
dicted timescales of the different processes that enrich the ISM,
which subsequently affect the overall content of gas, stars, and
dust, are not only relevant for the galaxy as a whole but also
at smaller scales (Sharda et al. 2021, 2024; Tissera et al. 2022).
Therefore, the study of both O/H and N/O in the gas-phase ISM
across different regions in the galaxy (including radial metallic-
ity gradients) is also crucial to understanding the chemical evo-
lution of galaxies.

In the past decade, the study of radial metallicity gradients
has largely benefited from to the advent of large surveys that
acquire data of low-redshift galaxies (z < 0.2) with integral
field spectroscopy (IFS), such as CALIFA (Sdnchez et al. 2013),
MaNGA (Bundy et al. 2015), or SAMI (Poetrodjojo et al. 2018).
Several studies (e.g., Vila-Costas & Edmunds 1992; Rich et al.
2012; Sénchez et al. 2014; Séanchez-Menguiano et al. 2016;
Zinchenko et al. 2019) have found evidence that most galaxies
present a negative oxygen abundance gradient from the inner to
the outer most parts of galaxies with discs. The analysis of the
radial metallicity gradient by means of log(N/O) has revealed
a similar trend (e.g., Pilyugin et al. 2004; Pérez-Montero et al.
2016; Zurita et al. 2021b; Zinchenko et al. 2021). These results,
also supported by the analysis of stellar populations within the
disk (e.g., Taylor et al. 2005; Mufioz-Mateos et al. 2007) as well
as the star-formation histories (SFHs; Sdnchez-Blazquez et al.
2009), reinforces the scenario in which gas accretion moves from
outer to inner parts in the galaxy, reaching a higher density, trig-
gering star formation in the innermost parts, and leading to its
faster enrichment (Matteucci & Francois 1989). This theoretical
framework is the so-called inside-out growth of galaxies.

However, the above scenario is challenged by other sets
of observations. First of all, some high-redshift galaxies
also exhibit positive or flattened radial gradients (Cresci et al.
2010; Carton et al. 2018), attributed in many cases to the
infall of metal-poor gas (e.g., Bresolinetal. 2012). Bars
are thought to be an efficient mechanism in gas migra-
tion within galaxies (Athanassoula 1992; Friedli et al. 1994),
but no consensus has been reached regarding whether
bars affect radial metallicity gradients by flattening them
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(Vila-Costas & Edmunds 1992; Zaritsky et al. 1994) or the gra-
dients remain unchanged (Sdnchez et al. 2014; Zinchenko et al.
2019; Zuritaetal. 2021a). Likewise, contradictory results
have been reported on whether radial gradients change
with morphological type (Vila-Costas & Edmunds 1992) or
not (Zaritsky etal. 1994). Many other processes add com-
plexity to the picture: galactic fountains that cause gas
to be ejected from a disk due to supernovas and cap-
tured again due to the gravitational potential (Spitoni et al.
2013); interaction and mergers between galaxies (Rupke et al.
2010; Sillero etal. 2017); stellar mass biasing gas accre-
tion (Spitonietal. 2021; Camps-Farifia et al. 2023); stellar
age differentiation (Zinchenko et al. 2021); strong-metal rich
galactic outflows (e.g., Tissera et al. 2022); azimuthal varia-
tions (Vogtetal. 2017; Spitoni etal. 2019); and spiral arms
(Spitoni et al. 2021). Moreover, it has been reported that the
idea of a single slope radial metallicity gradient might not be
accurate in many cases (e.g., Sdnchez-Menguiano et al. 2018;
Tapia-Contreras et al. 2025). To asses the impact of some of
these processes, the analysis of 1og(N/O) has been extensively
used in studies (e.g., Pérez-Montero et al. 2016; Zurita et al.
2021b; Zinchenko et al. 2021), and similar results to those
reported for the 12+1og(O/H) radial gradient have been reported.

Another important aspect that needs to be considered in the
picture of chemical enrichment within galaxies is the effect of a
possible presence of AGNs. Chemical studies of the narrow-line
region (NLR) in AGNss is scarce, and thus fewer studies can be
found on the radial metallicity gradient in galaxies with a signifi-
cant fraction of AGN activity. Taylor & Kobayashi (2017), using
cosmological simulations accounting for AGN feedback, found
that galaxies with strong AGN activity cannot recover from pre-
vious merger events and that their metallicity radial profiles tend
to flatten. However, it has been reported observationally that
metallicity radial gradients might decrease in the inner parts.
Indeed, do Nascimento et al. (2022), based on the analysis of the
radial chemical abundance gradients in Seyfert galaxies, report
that nuclear abundances are even lower than the expected extrap-
olation, supporting this scenario. Other studies, such us those
analyzing 12+1log(O/H) and log(N/O) abundances in the nuclear
region of AGN-hosting galaxies (Pérez-Diaz et al. 2021, 2022;
Oliveira et al. 2024) support this scenario as log(N/O) mostly
remains solar or suprasolar (an advanced chemical enrichment
history), whereas 12+log(O/H) spread over a wide range of
metallicities, from subsolar to solar, as a possible consequence of
infalls of gas. More recently, Amiri et al. (2024) found not only
that AGN nuclear abundances are lower than the extrapolated
value but also that there is an inverse radial metallicity gradient
within the regions dominated by AGN activity.

However, the area of low-luminosity AGNs (LLAGNSs), a tag
under which LINERSs can be found, is poorly explored. Indeed,
only the galaxy UGC 4805, with IFS data from MaNGA, has
been analyzed (Krabbe et al. 2021), and its nuclear abundances
are reported to be in consonance with the extrapolation from
the radial metallicity gradient. The regime of LLAGNSs is key
to understanding the differences in evolution between AGNs and
star-forming galaxies, as the AGN emission is much weaker, and
thus its effects can be constrained to the nuclear region, pro-
ducing lower deviations from the expected radial behavior. Fur-
thermore, LLAGNSs represent a predominant fraction of active
galaxies in the local Universe (e.g., Ho 2008), so a proper anal-
ysis of the radial metallicity gradients in these objects is nec-
essary to have a clear picture on how AGNs affect the evo-
lution of galaxies. As AGN feed and feedback is intrinsically
associated with gas hydrodynamics, a simultaneous analysis
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of N and O radial profiles is essential to disentangling their
effects.

Exploiting the capabilities of IFS data from the SDSS IV
- MaNGA survey (Bundy et al. 2015; Blanton et al. 2017), in
Pérez-Diaz et al. (2025, hereinafter Paper I), we presented an
analysis of 105 galaxies classified as LINERs. By means of HCM
(Pérez-Montero 2014), we obtained independent estimations for
O/H and N/O chemical abundances in the nuclear region of
these galaxies, concluding that their chemical composition is
well explained under the AGN ionizing scenario. This second
paper is devoted to the analysis of the radial metallicity gradients
in the same sample. In Sect. 2, the selection of the galaxy sample
hosting LINER-like emission is explained as well as other differ-
ent criteria used in this study. In Sect. 3 we discuss the method-
ology employed to estimate chemical abundances in our sample.
In Sect. 4 we present the main results of this study followed up
by a discussion in Sect. 5. In Sect. 6 we summarize our main
conclusions.

2. Sample selection
2.1. MaNGA data and emission line measurements

The Mapping Nearby Galaxies at Apache Point Observatory
(MaNGA; Bundy et al. 2015) is part of the Sloan Digital Sky
Survey IV (SDSS 1V; Blantonetal. 2017). For this work,
we used data release 17 (DR17, Abdurro’uf et al. 2022). We
used individual spaxels ensuring that their size was signifi-
cantly smaller than that of the point spread function (PSF) in
the MaNGA datacubes. Overall, the spatial resolution of these
cubes has a median full width at half maximum (FWHM) of
2.54 arcsec (Law et al. 2016).

We examined the MaNGA spectra following the same
procedure as in Zinchenko et al. (2016, 2021). Briefly, we
used the code STARLIGHT (Cid Fernandesetal. 2005;
Mateus et al. 2006; Asari et al. 2007) to fit the stellar back-
ground throughout all spaxels, adapting it for parallel datacube
processing. We used simple stellar population (SSP) spectra
from Bruzual & Charlot (2003) evolutionary synthesis models
for stellar fitting, and we subtracted them from the observed
spectrum to obtain a pure gas spectrum. After that, we fitted
emission lines using our ELF3D code. Each emission line
was fitted with a single-Gaussian profile. For each spectrum,
we measured the fluxes of the [O1I]A, /13726,372910\ (here-
inafter [O1]A3727 A), [Nemi]A3868 A, Hg, [OT11]14959 A,
[0TI]A5007 A, [NT]A6548 A, H,, [NI]16584A, and
[S1]a, 26717,6731 A lines with a signal-to-noise ratio,
S/N > 3.

2.2. Sample of galaxies

Sample selection is described in more detail in Paper 1. In
short, we selected from the MaNGA survey (Bundy et al. 2015;
Blanton et al. 2017) a sample of galaxies whose nuclear emis-
sion is dominated by LINER-like emission according to the diag-
nostic diagrams (Baldwin et al. 1981; Kauffmann et al. 2003;
Kewley et al. 2006). After imposing that galaxies must be clas-
sified as LINERs in all diagnostic diagrams, we came up with a
sample of 329 galaxies.

From that sample, we imposed the criterion that LINER-like
emission comes mainly from the nuclear region (<2kpc), i.e.,
the emission line ratios from spaxels retrieving emission from
the outer regions are mainly classified as HII regions accord-
ing to the same diagnostic diagrams. By doing this, we ensure

to have enough HII regions to properly analyze radial metal-
licity gradients and compare the HII regions properties with
those in central spaxels. After this filter, we came up with a
sample of 105 LINER-like galaxies, classified according to the
WHAN diagram (Cid Fernandes et al. 2010, 2011) as weak-
AGNs (WAGNSs, 57) and retired galaxies (RG, 48). Hereafter,
we do not distinguish between RGs and wAGN:Ss, as 1) the results
from Paper I showed that their ionizing spectra are likely identi-
cal and ii) the statistical analysis of their radial metallicity gradi-
ents showed similar distributions.

In order to avoid systematic errors in the deprojection effects
of the highly inclined galaxies in our sample, we imposed a min-
imum value for the axis ratio b/a> 0.3 from the r-band Sersic
profile fit. This criterion excludes 8 objects, leading to a final
sample of 97 galaxies, divided as 55 wAGNs (56.7%) and 42
RGs (43.3%).

HII regions in each galaxy were selected from the
remaining spaxels that verify the diagnostic criteria for the
BPT diagrams (Baldwin etal. 1981; Kauffmann et al. 2003;
Kewley et al. 2006). Particularly, we selected only those regions
either classified as “SFG” (i.e., star-forming galaxies; equiva-
lently HII regions) simultaneously in the three classical BPT
diagrams or those regions that fall in the “composite” region
(Kewley et al. 2006). As the composite region can accommo-
date HII regions with high log(N/O) ratios, which are expected
in the central parts according to the inside-out scenario (e.g.,
Pérez-Montero et al. 2016; Zurita et al. 2021b), we considered
them as well in our analysis.

2.3. Ancillary data

We retrieved complementary data on the physical properties of
the host galaxies from the NASA-Sloan Atlas (NSA) catalog'.
Particularly, we retrieved the stellar mass (M.) as estimated from
a K-correction fit to the elliptical Petrosian fluxes assuming an
initial mass function (IMF) from Chabrier (2003) and stellar
population models from Bruzual & Charlot (2003), as well as R,
radii, Sersic 50% light radius along major axis across the r-band.

Additionally, we retrieved the chemical abundances esti-
mations for the nuclear region of our sample of LINERs as
reported in Paper I. Since the authors provided the estimations
based on different ionizing sources from the HII-CHI-Mistry?
code (Pérez-Montero 2014), we took four estimations as rep-
resentative of all the considered scenarios: AGN characterized
by aox = —1.6; hot old stellar populations dominated by post-
asymptotic giant branch (pAGB) stars and characterized by two
different effective temperatures Ty = 10°K and T = 1.5 -
10° K; and advection-dominated accretion flow (ADAF) model
for the AGN. Details on the considered models and how they
were implemented can be found in Paper I.

3. Methodology

In this section we present a detailed explanation on the method-
ology used to estimate chemical abundances as well as other
physical parameters from the nebular emission of HII regions

! https://www.sdss4.org/drl7/manga/
manga-target-selection/nsa/.

2 The code is publicly available at http://home.iaa.csic.es/
~epm/HITI-CHI-mistry.html.

3 We note that very recently, Pérez-Montero et al. (2025) obtain that
LINERs are characterized by slightly higher slopes (aox =~ —1.4). As
demonstrated in Paper I, results under both assumptions are compatible.
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in our sample of galaxies. We also give details on the calculation
of the corresponding radial gradients estimated for those proper-
ties.

3.1. HII-CHI-Mistry

To ensure consistency with the results reached in Paper I, as
well as between the estimations of chemical abundances in the
nuclear region (dominated by the LINER-like emission) and the
rest or regions in the disk of each galaxy in our sample, we used
HII-CHI-MISTRY V5.5 (hereinafter HCM). HCM uses a grid of
photoionization models (to be selected among the available ones
or introduced by the user) with three free parameters, the chem-
ical properties of the gas-phase ISM 12+log(O/H) and log(N/O)
as well as the ionization parameter log(U). The code compares
the emission-line fluxes predicted by the grid of models with the
observed (input) emission line ratios sensitive to those parame-
ters. Firstly, the code estimates log(N/O) which is used to con-
strain the grid of models in the later iterations. Secondly, the
code performs an estimation of 12+log(O/H) and log(U).

In the case of HII regions, we selected as ionizing source
a young stellar cluster with an age of 1 Myr, as taken from
POPSTAR (Molld et al. 2009) synthesis code for an initial mass
function (IMF) that follows the trend reported by Chabrier
(2003). The density of the gas is assumed to be constant with
a value of 100cm=. This grid of models was calculated using
CLoupy vl17 (Ferland et al. 2017). Due to the lack of mea-
surements of the auroral line [O III]/143631°\ in our MaNGA
sample, we used an additional constrain to the grid of mod-
els, consisting of the relation between 12+log(O/H) and log(U)
reported by Pérez-Montero (2014). The estimation of log(N/O)
remains completely independent, thus no fixed relation with
12+log(O/H) was assumed in this work.

We used as input for HCM the emission line ratios
[0m]A3727 A, [Nemr]A3868 A, [OTI]A5007 A, [N1]16584 A
and [ST]A6717 A+[S1]A6731 A, referred to Hy emission. All
emission line ratios have been corrected for reddening assum-
ing Case B photoionization and an expected ratio between H,
and Hg of 2.86 for standard conditions found in HII regions, that
is, an electron density 1, ~ 100cm™ and an electron tempera-
ture T, ~ 10* K (Osterbrock & Ferland 2006). We assumed the
extinction curve from Howarth (1983) for Ry = 3.1.

3.2. Radial metallicity gradients

For each galaxy, we used the estimated chemical abundances
(12+1log(O/H) and log(N/O)) from HCM in the HII regions and
their distance to the galaxy center in terms of R, to character-
ize their radial metallicity gradient up to 4R.. In order to fit
the observed trends, we tested three different methodologies to
reproduce most of the scenarios explored in the literature:

— Single linear fit with no restrictions in the slope neither on
the Intersect.

— Double linear fit accounting for a break* at exactly R = R,,
and again with no restrictions on the slopes or intersects.

— Piecewise fit allowing for several breaks at no fix positions
but ensuring continuity in the estimation through all inter-
vals (see Tapia-Contreras et al. 2025, for more details on the
methodology).

* Hereinafter we refer to the point where the linear fit changes as break.
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To test the goodness of the fits, we used the root square error
(RSE), which can be applied to any fit:

Vi (i i)y

RSE =
n—2

ey
Here p are the values predicted from the fit, y are the estimated
values and n the number of points (i.e., number of HII regions).
As piecewise methodology accounts for a non-fixed number of
breaks, we also assessed the goodness of the fit accounting for
the number of breaks obtained from the piecewise fit.

We show in Fig. la the goodness of the different fit tech-
niques for the 12+log(O/H) radial gradient. We conclude that
single linear fit offers the highest RSE, with exception of those
galaxies where piecewise methodology finds a fit without any
break. When comparing piecewise methodology with double lin-
ear fit, we can see that the majority of the fits offer a lower RSE
for the former one. A similar result is obtained when analyzing
the fit for the radial gradient of log(N/O) (see Fig. 1b).

We also explored the distribution of the scatter subtracting
the values from the obtained fits to the individual abundances in
each galaxy. On average, we observe a median scatter within the
range 0.01-0.03 dex when considering the piecewise methodol-
ogy, for both1 12+log(O/H) and log(N/O), a similar range to that
reported by other authors using linear profiles in other samples
(e.g., Sanchez et al. 2015; Zinchenko et al. 2016; Kreckel et al.
2019; Grasha et al. 2022). If a single linear fit is considered, then
the median scatter increases up to 0.1 dex. Thus, we only con-
sider thereafter for our analysis the results obtained from piece-
wise fit.

4. Results
4.1. Trends in the radial metallicity gradients

We show in Appendix A the radial metallicity gradient for each
galaxy both for 12+log(O/H) and log(N/O). From Fig. A.1 we
can conclude that our sample of LINER-like galaxies shows
a variety of trends’. We summarize these trends for both
12+log(O/H) and log (N/O) radial gradients in Table 1.

4.1.1. Breaks in the fits

Around half of our sample (49.49%) exhibits a 12+log(O/H)
radial gradient with one single break, whereas the rest of galaxies
are almost split between none (23.71%) or two breaks (26.80%).
In the case of log(N/O) radial gradient we found a different
scenario: galaxies are almost equally distributed between none
or one break (~43-44%), and only a small group of galaxies
(13.4%) shows two breaks. These results highlight the impor-
tance of using fit profiles more complex than a simple linear
fit for radial metallicity gradients in galaxies, especially for
12+1log(O/H), as highlighted by the higher residuals obtained
when assuming a simple linear fit.

When comparing between them the results from
12+log(O/H) and log(N/O) radial metallicity gradients, we
observe that there is no correlation between the number of
breaks in each one of them in each galaxy. Regardless of the
fit obtained for 12+log(O/H), the best fit for log(N/O) radial
gradient has either a none or a single break (>80%). Moreover,
for a given particular scenario of the 12+log(O/H) profile, there

5> The binned values shown in Fig. A.1 are drawn as visual guides for
the reader, but they are not used in the piecewise fit.
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Table 1. Statistics of the radial metallicity gradients in our sample as
obtained using the piecewise method.

Table 2. Statistics of the breaks in the obtained radial metallicity gradi-
ents of 12+log(O/H) in terms of R..

N. Br. (O/H) N. Br. (N/O) N. Gal Perc. (%) Perc. tot. (%)

M @ 3 “) ®)
0 9 39.13 9.28
0 1 12 5217 12.37
2 2 8.70 2.07
0 18 3750 18.56
1 1 22 4583 22.68
2 8 16.67 8.25
0 14 53.84 14.43
2 1 9 34.62 9.28
2 3 11.54 3.10

Notes. Columns (1) and (2) show the number of breaks needed to fit
12+1log(O/H) and log(N/O) radial gradients respectively. Column (3)
shows the total number of galaxies for each group. Column (4) shows
the relative number of galaxies with respect to the group. Column (5)
shows the relative number of galaxies with respect to the whole sample.

is a higher probability that the log(N/O) profile does not follow
the same trend (>50%). This result might be interpreted as a
decoupling of 12+log(O/H) and log(N/O) radial gradients.

We also present in Tables 2 and 3 the statistics of the breaks
in the obtained radial metallicity gradients both for 12+log(O/H)
and log(N/O), respectively. When comparing the breaks obtained
for 12+log(O/H) and log(N/O) radial gradients, we observe that,
although the statistics might reflect similar values, there is not
any correspondence, as observed in Fig. 2. This result reinforces
the idea that 12+log(O/H) and log(N/O) radial gradients are
essentially decoupled.

As the fitting technique yields a deterministic result, we com-
pute uncertainties in the breaking points from 1000 bootstrap fit-
tings per galaxy, drawing random HII regions. In most cases, the
uncertainty correlates with the number of HII regions present in

12+1log(O/H)
N. Breaks N. Gal. Rnedian R Range
(D 2 3 4 S)
1 48 0.87 0.49 [0.25,2.97]
2 (Inner) 26 0.61 0.32  [0.05, 1.56]
2 (Outer) 26 1.09 0.6 [0.09,2.93]

Notes. Column (1) shows the number of breaks. Column (2) shows the
total number of galaxies. Columns (3) and (4) show the median and
standard deviation distances in terms of R..

Table 3. Same as Table 2 but for log(N/O).

log(N/O)
N. Breaks N. Gal. Riedian R Range
(D 2 3 “4) )
1 43 0.83 0.53 [0.08, 2.98]
2 (Inner) 13 0.76 0.43 [0.18, 1.64]
2 (Outer) 13 1.16 0.68 [0.34,3.17]

the breaking point. This is the case of GAL 8981-6101, GAL
10518-6103 or GAL 11746-9102, where the uncertainties are
high although there is clear change in the slope of the radial
metallicity gradient.

For the subsequent analysis, we consider the part of the gra-
dient that goes from the outer most region to the more external
break as outer part. In the case of a galaxy presenting two breaks,
we consider the region that goes between them as middle part.
Finally, in both cases, the inner part is defined as the one that
goes from the nuclear region to the break closer to the center. In
the case of galaxies with two breaks, we consider the one closer
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Fig. 2. Comparison between the breaks found for the log(N/O) radial
gradients (y-axis) and 12+log(O/H) radial gradients (x-axis) in our sam-
ple. Green dots correspond to LINERs showing one break in both gra-
dients, whereas red dots correspond to LINERs showing two breaks.
The solid black lines represent the one-to-one relation, the dotted lines
represent the median offset, and the shaded gray area the deviation.

to the center of the galaxy as inner break, and the other as outer
break. No specification is made when the corresponding radial
fit only presents one break.

4.1.2. Slopes of the radial gradients

We show in Fig. 3 the slopes of the fits in our sample of LINER-
like galaxies, simultaneously for 12+log(O/H) and log(N/O). We
distinguish among galaxies with no breaks (panels a and d),
galaxies with one break (panels b and e) and galaxies with two
breaks (panels ¢ and f).

As it can be seen, galaxies presenting no breaks in the fit
of the 12+log(O/H) radial gradient (panel a) show a flattened
behavior, as the slope is close to Vo/u = 0.0. On the contrary,
galaxies with no breaks in the log(N/O) radial fit mainly show
negative gradients® (panel b), in concordance with the inside-
out growth scenario. If we consider the group of galaxies with
only one break (panels b and d), we observe that for both
12+log(O/H) and log(N/O) the outer slope is mainly negative or
flattened, in contrast to the inner slope which is mainly positive
for 12+log(O/H), with some cases (five galaxies) for log(N/O)
as well.

Finally, the analysis of the slopes in galaxies with two breaks
reinforces the previous results obtained for 12+log(O/H): the
inner part shows positive slopes while the outer part shows neg-
ative or close to zero slopes (see panel e). The middle parts of

6 We notice the strong negative gradient for galaxy 8942-12702, which
is explained by the lack of HII regions at larger radii (see Fig. A.1 in the
supplementary material).
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the galaxies tend to show almost flattened gradients. Regarding
log(N/O), apart from a galaxy that shows a strong negative slope
in the inner part’, both the inner and middle slopes are mainly
negative whereas the outer parts are close to Vy,0 = 0.0.

4.1.3. Intersects of the radial gradients

Lastly, we analyzed the intersects of the metallicity radial gra-
dients, i.e., the extrapolation of the fits to the galaxy nuclei (we
considered different intersects according to the shape and breaks
of their gradients). We show the results in Fig. 4, for which we
considered as reference in each galaxy the value in the nuclear
region as estimated in Paper 1. These abundances were calcu-
lated assuming AGN models, which are the ones found to bet-
ter reproduce most of the scaling relations in the studied sample
(Paper I).

First, we analyzed whether the extrapolation of the innermost
radial metallicity gradients match the estimations obtained from
the nuclear regions (as traced by the metallicity of the AGN).
From Fig. 4a we conclude that, on average, the extrapolations of
the 12+log(O/H) fits are in agreement with the nuclear estima-
tions (median offset of 0.02 dex), although there is a wide scatter.
On the other hand, we find that the extrapolations of the log(N/O)
fit (panel b) are also, on average, in agreement (median offset
0.07 dex), but with less scatter. This is a similar result as that
reported in Paper I, where all ionizing scenarios were tested.

When we accounted for the extrapolations of the middle
radial gradient (for galaxies with two breaks) or the outer gra-
dient (for galaxies with one break), we found that the extrapo-
lations from that fit lead to a clear overestimation of the nuclear
abundance in both cases (panels ¢ and d). We observe that the
offset from the log(N/O) radial gradient (~0.27 dex/R.) is higher
that that found for the 12+log(O/H) (~0.14 dex/R.). Interest-
ingly, we observed that the extrapolations from the 12+log(O/H)
middle radial gradient are systematically above the predictions
for the nuclear region, whereas in the case of the log(N/O)
extrapolations there is a non-negligible group of galaxies for
which their middle radial fits predict lower abundances.

Finally, we analyzed the extrapolations from the outer radial
fits in the case of LINERs with two breaks. The results shown
in panels e and f reveal a similar picture to that observed in the
extrapolations from the middle radial fit. However, in this case
we also report that the deviation is much higher and that the rel-
ative number of galaxies whose radial fits predict lower abun-
dances compared to the nuclear estimations is higher as well.

4.2. Exploring the connection of galaxy properties with
gradient shapes

Several authors have discussed the role played by different
galaxy properties, such as stellar mass or star formation rate,
in the shape of the radial metallicity gradients observed in disk
galaxies (e.g., Sanchez-Menguiano et al. 2018; Cardoso et al.
2025). In this section we discuss whether the variety of the
metallicity radial gradient profiles found in our sample are con-
nected to the properties of the host galaxies and/or the nature of
their nuclear region. We separately explore the three character-
istics of the radial profiles: the number of breaks, the slopes and
the intersects.

7 Again, this outlier corresponds to galaxy 8243-9102, whose fit to the
radial gradient can be visually inspected in Fig. A.1 (supplementary
material), the analysis of the slopes reveals that there is not enough HII
regions to properly trace the inner gradient.
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Fig. 3. Histogram of the obtained gradient slopes in the fits for both 12+log(O/H) and log(N/O) for different categories attending to the number
of obtained breaks. Slopes for 12+log(O/H): a) galaxies with no breaks, b) galaxies with one single break, and c) galaxies with two breaks. The
lower plots d), e), and f) are similar to the above ones but are for the log(N/O) radial gradient. For all plots, solid black lines represent the flattened

profile (V = 0).

Firstly, we analyzed whether the number of found breaks in
12+1og(O/H) and log(N/O) radial fits correlate with the stellar
mass or HI mass. We found similar distributions for the whole
sample and for each group of galaxies, implying that neither the
stellar nor the HI mass are responsible for the number of breaks
observed in our sample (see Figs. 6 and 7). We also explored
whether the number of breaks correlate with any physical prop-
erty of the nuclear part, including their derived chemical abun-
dances, the stellar velocity dispersion (which directly correlates
with the mass of the Super Massive Black Hole (SMBH) in case
of AGN activity) or the equivalent width of H, (whose strength
allows us to discriminate the type of nuclear activity). In all
cases, we found again that there is no correlation at all with the
number of breaks (see Fig. 8).

We then analyzed whether the slopes of the radial fits (V) for
both 12+log(O/H) and log(N/O) correlate with the stellar mass.
Our results are shown in Fig. 5. In the case of 12+log(O/H),
we find that i) galaxies with no breaks tend to show flattened
profiles (blue dots in panel a), whereas the rest of galaxies show
positive slopes; ii) galaxies with one (and two breaks) tend to
show negative slopes in the outer (middle) part of their profiles,
being more negative when stellar mass increases (panel c); and
iii) the slope of the outer profile in galaxies with two breaks does
not correlate with the stellar mass (panel e). On the other hand,
when analyzing log(N/O), we find that i) there is no correlation
between stellar mass and the slope of the inner radial fit for all
types of galaxies; ii) the slope of the outer fit in galaxies with
one break is meanly negative and shows a strong anti-correlation
with stellar mass (a similar result is obtained for the slope in
the middle part of galaxies with two breaks); and iii) similar to
12+log(O/H), no particular trend is found for the slope of the
outer profile of galaxies with two breaks.

Finally, we inspected whether intersects correlate with any of
the other studied properties. In particular, we analyzed the rela-
tion between the host galaxy properties with the extrapolations

of the metallicity radial fits to the nuclei (R = 0) (i.e., the inter-
sects of the inner radial fits). First of all, we checked if there is
a correlation with stellar mass, as it might be suggested by the
so-called mass—metallicity relation (MZRs) and, the equivalent
one for log(N/O), the mass-NO relation (MNOR). Our results are
similar to those reported in Paper I for AGN models (see Figs. 6
and 7 from that work).

We also explored whether the number of breaks introduces
differences in the intersects, as shown in Fig. 9. Only for galaxies
with no breaks in the 12+log(O/H) radial fit we find that they
tend to solar abundances (12+log(O/H) ~8.69), but in the rest of
cases we do not see any relation between the number of breaks
and the extrapolated abundances in the nuclear part.

4.3. The log(N/Q) versus 12+log(O/H) relation for individual
Hll regions

We show in Appendix B the log(N/O) versus 12+log(O/H) dia-
gram for all the selected HII regions in each galaxy, colored by
their distance to the galactic center. For the majority of our sam-
ple, we obtain that HII regions mainly follow the log(N/O) ver-
sus 12+log(O/H) relation (see Fig. B.1) within the scatter, and
that the HII regions located closer to the nuclear parts exhibit
higher log(N/O) ratios, concluding that there is a decreasing
trend between log(N/O) and 12+log(O/H), It is worth to note
that 12 galaxies (~13% of the sample) exhibit a decrease of
12+1log(O/H) in the closer parts toward the nuclear region, while
the log(N/O) remains high (solar or suprasolar). Namely, these
galaxies are 10518-12705, 11013-6104, 12078-12703, 7495-
12704, 8249-12704, 8259-9102, 8320-9102, 8562-9102, 8563-
12705, 8492-12702, 8983-3703 and 8997-12704.

We show in Fig. 10 the results for all HII regions in our sam-
ple. First of all, looking at the ionization parameter (right column
of the plot), we can check on the robustness of the methodol-
ogy: the lack of measurements of the auroral line [O I1]14363 A
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Fig. 5. Relation between stellar mass and the slopes for the radial fits of 12+log(O/H) (left column) and log(N/O) (right column). Panels a) and b)
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with two breaks. Solid black lines represent the flattened profile (V = 0).

forces the assumption on the log(U) versus 12+1log(O/H) relation
to break the degeneracy. Nonetheless, it is clearly shown that this
assumption introduces no dependence at all in the log(N/O) ratio
by log(U).

Considering the information on the distance of the HII
regions to the galactic centers, probes that the primary N pro-
duction is mainly located in the outer HII regions (R > 1.5R.),
as shown in Fig. 10 panel a. In addition, the HII regions in galax-
ies without any break in the radial fits are mainly located in
the regime of secondary N production, with increasing log(N/O)
with 12+log(O/H), which is consistent with previous studies (see
panel d). Interestingly, those outer HII regions with primary N
production are found in galaxies that exhibit a 12+log(O/H) gra-
dient with one break (panel g). Overall, the position of the large
majority of HII regions is well reproduced by the scatter reported
by different relations in the literature.

Finally, the analysis of the position of HII regions in the
log(N/O) versus 12+log(O/H) relation based on the equiva-
lent width of H, complements the picture that emerged from
their distance to the galactic centers. We only found a partic-
ular trend in galaxies with no breaks in their radial fits (see
panel e). In particular, we find that HII regions with oxygen
abundances close to the solar value ((12+log(O/H), = 8.69;
Asplund et al. 2009) exhibit the highest values of Wy, as well as
some of the closest distances to the galactic centers. This might
be explained by the contamination of their spectra from AGN
activity.

In summary, a majority of HII regions in our sam-
ple falls between the reported relations for log(N/O) and
12+log(O/H). Therefore, even though we observe some devi-
ations from the reported relation, they are not introducing a
departure.
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12+1log(O/H) radial profile. (b) The segregation was done according to the number of breaks showed in the log(N/O) radial profile.
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Fig. 8. Same as Fig. 6 but for the stellar velocity dispersion in the nuclear regions.
4.4. A representative value for the metallicity in galaxies ing 50% of the light coming from the disk component) (e.g.,

Séanchez et al. 2013; Cresci et al. 2019; Alvarez-Hurtado et al.
A key aspect when analyzing chemical enrichment of galaxies 2022; Sanchez-Menguiano et al. 2024). This is even more criti-
is to define their characteristic metallicities. Several ideas have cal in the case of AGNs, as their activity affects the nuclear parts,
been proposed: the abundance ratios at 0.4R,s (being Rys the and hence, the representative value might account (or not) for the
isophotal radius, i.e., the radius at which the surface brightness AGN role.
equals 25 mag/arcsec?, Zaritsky et al. 1994); the central (extrap- We explored three different values of the chemical abun-
olation to the nucleus) abundances (Ryder 1995); or, the chem- dance ratios for each galaxy: the expected value at the effec-
ical abundance ratios at the effective radius (i.e., encompass- tive radius (R.), the abundance ratios derived for the NLR of
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the AGN and the extrapolated abundance to the nucleus (R = 0).
Our results are presented in Fig. 11, comparing them in different
scaling relations such as the MZR, MNOR, or the N/O versus
O/H diagram.

We found that the metallicities of the ISM at the effec-
tive radius are the ones that best reproduce the MZR
(Curti et al. 2020) (panel a in Fig. 11), whereas the MNOR
(Andrews & Martini 2013) seems to not be well reproduced
in any of the considered cases. Finally, the log(N/O) versus
12+1og(O/H) relation tells complementary stories depending on
which chemical abundance ratio is used. If we account for chem-
ical abundance ratios derived in the regions ionized by the AGN,
we observe that there is a wide scatter, but mostly reproduced by
the observing trends in literature. If we instead consider chem-
ical abundances as extrapolated to the nuclear part from the
radial fits, we observe almost an anti-correlation, which might
be indicative of hydrodynamical processes affecting the oxy-
gen abundance. Finally, the chemical abundances at the effective
radius report galaxies clustering slightly above the solar oxygen
abundance, but with a large spread of log(N/O) values.

5. Discussion

As a general remark, we note the lack of studies analyzing metal-
licity radial gradients in galaxies with nuclear emission dom-
inated by LLAGNSs. Therefore, in this section we discuss our
results with previous studies that are targeting different types of
objects from those analyzed here.

5.1. The shape of the O/H metallicity gradient in LINERs

The inside-out growth scenario for galaxies, the formation
of an exponential disk, due to the accretion from the outer
parts, implies higher gas densities in the inner parts, trigger-
ing more star formation, leading to the result of galaxies show-
ing negative radial gradients in both the metallicity of the
gas-phase ISM (as traced by 12+log(O/H)) and the metallic-
ity of the stellar populations (Rich et al. 2012; Sanchez et al.
2014; Gonzalez Delgado et al. 2015; Sdnchez-Menguiano et al.
2016; Goddard et al. 2017; Zinchenko et al. 2019). This is also
supported by chemical evolution models (Matteucci & Francois
1989).

Recent observational results from IFS surveys such as
MaNGA (Bundy et al. 2015) or CALIFA (Sanchez et al. 2013)

have allowed not only to increase the statistics of metallicity
radial gradients at low redshift, but also to refine chemical evolu-
tion models and their predictions. The study from Belfiore et al.
(2017) (MaNGA) showed that not only the negative metallic-
ity gradient is observed in most galaxies, but that the steep-
ness of the gradient depends on stellar mass. The study from
Pérez-Montero et al. (2016) (CALIFA) also reported a similar
trend, although the authors warned about the statistical signif-
icance of such trend. Indeed, both studies report that galaxies
with moderate low stellar masses (10°°—10'%> M) show steeper
gradients (normalized to a characteristic size) than more mas-
sive galaxies. This result has also theoretical background from
chemical evolution models. Low-stellar mass galaxies (consid-
ered as progenitors of more massive systems) have initially star
formation mainly located on the central regions. As star forma-
tion occurs in the outer parts, the pollution from stars in the out-
skirts of galaxies helps flattening the metallicity profile, while
the inner parts, already rich in primary metals, do not increase
their metallicity at the same rate (for a constant value of the metal
yield).

Recently, Sanchez-Menguiano et al. (2018) published a
study of 102 spiral galaxies observed with MUSE. Their anal-
ysis of the metallicity radial gradients shows that only 55 galax-
ies exhibit the expected negative gradient, while 37 galaxies
show inner drops and 26 a flat profile. This implies that a sig-
nificant number of galaxies deviate from the negative gradi-
ent predicted from the inside-out scenario. In the same way,
Pilyugin & Tautvaisiené (2024) found that spiral galaxies can be
divided into two main categories: galaxies with a single linear
radial gradient (called S-galaxies) and galaxies with a flat inner
gradient and a negative outer gradient (called LS-galaxies). Cos-
mological simulations also report results that add more complex-
ity to the inside-out scenario: instead of a correlation between the
slope of the metallicity gradient and stellar mass, Tissera et al.
(2022) found no correlation at all at low redshifts if all morpho-
logical types (not only disk-dominated galaxies) are considered.

In the realm of AGN-dominated galaxies, the picture of gas-
phase abundance gradients is more uncertain due to the scarcity
of studies analyzing them. Amiri et al. (2024) observed that
the Seyfert-host galaxy NGC 7130 exhibits an inverse metal-
licity gradient (i.e., metallicity of the gas-phase ISM increases
with radius), and they conclude that the AGN is the responsi-
ble for the shape of the metallicity radial gradient. On the other
hand, do Nascimento et al. (2022) found that the majority of
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Fig. 10. Diagram of 1log(N/O) vs. 12+log(O/H) for the HII regions in our sample of LINERs. From top to bottom, the first row shows diagrams
for all HII regions in all LINERs; the second row shows diagrams for those HII regions in LINERs with no breaks in the 12+log(O/H) radial fit;
the third row shows diagrams for HII regions in LINERs with one break; and the fourth row shows diagrams for HII regions in LINERs with two
breaks. Each column shows different colorbared properties: normalized distance to the galaxy centers (left), equivalent width of H, (middle) and
ionization parameter (right). For all plots, the solid back line represents the fit provided by Coziol et al. (1999), the dotted line shows the fit by
Andrews & Martini (2013), and the dash-dotted line shows the fit by Belfiore et al. (2015).

metallicity radial gradients in Seyfert-like galaxies show almost
flattened profiles and they report that there is a significant drop in
metallicity in the parts closest to the AGN, implying that accre-
tion of metal-poor gas is the responsible for the dilution.

Our results show that LINERs are not characterized by a
single unique 12+log(O/H) radial gradient shape. Out of our
sample of 97 LINER-like galaxies, we obtain that only 23 galax-
ies (23.7%) can be approximated with the single linear metal-
licity profile. For these galaxies, we find that the slopes (Von)
are close to zero dex/R. (Fig. 3 panel a) and in some rare cases
they are positive. This is in agreement with the results obtained
by do Nascimento et al. (2022) for Seyfert-like galaxies, as we
obtain the same reported scenarios.
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We also report a significant group of LINER-like galaxies
that exhibit a metallicity radial gradient profile with a break.
In total, 48 galaxies (49.5%) show this metallicity radial pro-
file characterized by a positive 12+log(O/H) gradient in the inner
parts (as reported in systems dominated by gas inflows), whereas
the outer parts exhibits either a flattened or negative profile char-
acteristic of the inside-out scenario (Fig. 3 panel b). This group
of galaxies (which is the majority of our sample) follows the
same trend reported by Amiri et al. (2024) for the Seyfert galaxy
NGC 7130: the inner parts of the galaxy (dominated by AGN
emission) exhibits a positive gradient, whereas the outer parts
(dominated by star formation) are characterized by a mildly neg-
ative gradient.
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Fig. 11. Scaling relations for the characteristics of the abundance ratios in our sample of LINER-like galaxies. Panels in the first row show the
MZR, and the continuous line represents the fit obtained by Curti et al. (2020). Panels in the second row show the MNOR, with the continuous
line representing the fit obtained by Andrews & Martini (2013). Panels in the third row show the log(N/O) vs. 12+log(O/H relation), with the lines
representing the different fits explained in Fig. 10. Panels in the first column show the chemical abundance ratios estimated at the effective radius.
Panels in the second column show the estimations of nuclear abundances assuming AGN models with @gx = —1.6 (abundance of the Narrow Line
Region, NLR). Panels in the third column show the intersects of the metallicity radial fits. For all plots, blue dots represent galaxies with no breaks
in their corresponding radial fits, green dots have one break, and red dots represent galaxies with two breaks.

Finally, we also report a non-negligible group of galaxies,
26 out of 97 (26.8%) that exhibit two breaks in the 12+log(O/H)
metallicity radial profile. As in the previous case, the inner and
middle parts are characterized by positive or almost flattened
gradients, whereas the outer part is mainly characterized by a
negative or flattened metallicity radial profile (Fig. 3 panel c).
Only the recent work by Tapia-Contreras et al. (2025), based on
cosmological simulations using the Chemodynamlc propErties
of gal axies and the cOsmic web project (CIELO, Tissera et al.
2025), has reported a similar result for some galaxies, in which
effects from mergers, satellites, galactic fountains and cold gas
inflows of gas lead to these varied profiles.

The relation between the slope(s) of the 12+log(O/H) gra-
dients and the stellar mass gives more insights on the processes
that are shaping the metallicity radial gradient. For galaxies with
no breaks, the gradient remains flat for almost all stellar mass
(see Fig. 5 panel a), in contrast to the expected behavior reported
by Belfiore et al. (2017). This might be explained due to the fact
that these galaxies might have experienced a faster evolution,
already reaching the characteristic flat profile of massive galax-
ies. Galaxies showing at least one break exhibit positive slopes,
and reach higher values for massive galaxies, which might be
explained by the fact the gravitational potential of these galax-
ies is more effective in retaining the metals and/or favoring and
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capturing gas toward the inner parts, leading to a infall-
dominated scenario.

The slopes in the outer parts of 12+log(O/H) radial gradi-
ent (for galaxies with at least one break) as a function of stellar
mass revealed that there is a hint of anti-correlation, as reported
for star-forming galaxies, although there are many galaxies with
Vo/u ~ 0 (see Fig. 5 panel c). This result reinforces the idea
that the outer parts (or middle parts) behave accordingly to the
inside-out scenario, although some galaxies seem to be already
evolved. It is also important to mention that gas captured from
the inner parts (galactic fountains) or from satellite gas also
introduces significant changes in the shape of the metallicity
profile in the outer parts (Perez et al. 2011; Sillero et al. 2017,
Tapia-Contreras et al. 2025).

Finally, the outer parts of galaxies with two breaks present
a wide dispersion of values of the slope with respect to the stel-
lar mass (Fig. 5 panel e). This can be interpreted as due to the
fact that some galaxies might be experiencing galactic fountains
that do not reach the very outer parts, leading to strong negative
slopes, whereas others might have experienced merger events
which could be stripping part of the gas or enhancing metal pro-
duction due to the star formation in the outermost parts.

5.2. The shape of the N/O metallicity radial gradient

In the inside-out scenario, chemical evolution models predict
that the log(N/O) radial gradient should be steeper than that
observed for 12+log(O/H), as the time delay between nitro-
gen and oxygen production increases the difference between
the inner and outer parts (e.g., Matteucci & Francois 1989).
Moreover, as the nitrogen production is also affected by the
star-formation efficiency (e.g., Molla et al. 2006), and the inner
parts are characterized by lower star formation efficiencies
(Spindler et al. 2018), this would increase even more the dif-
ference between log(N/O) and 12+log(O/H) radial profiles
(Vincenzo et al. 2016).

As stated by several authors (e.g., Amorinetal. 2010;
Pérez-Montero & Contini 2009; Vincenzo et al. 2016;
Belfiore et al. 2017; Pérez-Diaz etal. 2024), measuring
log(N/O) is essential to complement the picture of chemical
enrichment (either for galaxies as whole or at different dis-
tances). Moreover, having a prior determination of log(N/O) is
essential to use the information of nitrogen emission lines to
properly measure oxygen abundances without adding biases.
Indeed, several works have been published relying on estimators
which are mainly tracing either the log(N/O) abundance ratio
(such as O3N2, Sanchez et al. 2014; Sanchez-Menguiano et al.
2018; do Nascimento et al. 2022; Amiri et al. 2024) or the
12+1log(N/H) abundance ratio (such as N2, do Nascimento et al.
2022). In contrast, our methodology allows in both the SF-
dominated and AGN-dominated regions to independently
determine log(N/O) and 12+log(O/H) abundances, allowing us
to simultaneously explore both radial profiles.

Pilyugin et al. (2004) published an analysis of the metallicity
radial gradients (12+1log(O/H) and log(N/O)) for a sample of 54
nearby spiral galaxies. Their results were in agreement with the
inside-out scenario: mainly negative gradients for all the consid-
ered chemical abundance ratios, and with log(N/O) radial gra-
dients being steeper than those reported from 12+log(O/H). A
similar conclusion was reported by Pérez-Montero et al. (2016)
from the analysis of metallicity radial gradients in CALIFA,
obtaining that on average the slopes of the radial gradients of
log(N/O) point toward steeper metallicity profiles than those
obtained for 12+log(O/H). Moreover, they also analyzed the
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possible dependence of the slope (Vnjo) with stellar mass,
obtaining an slight dependence for less-massive systems but not
statistically significant.

Later on, Belfiore et al. (2017) also found slightly steeper
gradients in the log(N/O), but they do report an anti-correlation
between the slopes and stellar mass, similar to that found in the
12+1log(O/H) radial profile. They also reported higher log(N/O)
ratios in the outer parts of many galaxies, concluding that pollu-
tion in the form of galactic winds from the inner to the outer parts
might be responsible for this behavior. Finally, Zinchenko et al.
(2021) found not only similar results to previous studies, but also
found a correlation between the median slopes for the log(N/O)
profile and the stellar ages (traced by the D4000 index): galaxies
with older populations (D4000 > 1.2) tend to have steeper gradi-
ents that the others. This result is in agreement with the general
scheme for nitrogen production and the time delay between oxy-
gen and nitrogen production.

The previous results only cover galaxies whose nuclear activ-
ity is dominated by star formation, and we do not have a picture
on how the log(N/O) gradient behaves in galaxies with AGN
activity. Our study uses a robust methodology for the indepen-
dent estimation of 12+log(O/H) and log(N/O) abundances across
the HII regions to the nuclear AGN-dominated region, allowing
us to study of log(N/O) abundance gradients for the first time in
galaxies hosting LLAGNS.

Our results show that 41 LINER-like galaxies (42.3%) show
a single linear profile in the log(N/O) metallicity radial gradi-
ent, with the majority of the slopes being negative or close to
0. We do report very few cases (three) with clear positive slopes
(see Fig. 3 panel d). Interestingly, only nine galaxies show simul-
taneously a single linear profile in both their 12+log(O/H) and
log(N/O) metallicity radial gradients, whereas the large majority
show at least one break in the 12+log(O/H). This might imply
the effect of infalls of gas that mainly affects the 12+log(O/H)
(also explaining the positive slopes found in the inner parts) but
do not significantly affect the log(N/O) ratio due to the non-linear
relation between them.

Focusing our attention on galaxies with one break, we find
that they represent the 44.3% of the total sample (43 galaxies).
As in the case of galaxies with one break in the 12+log(O/H)
radial fit, our results also indicate that the inner parts tend
to present positive slopes whereas the outer parts are biased
toward negative slopes. However, contrary to the clear distinc-
tion obtained for the 12+log(O/H) radial profile, we observed
a clear overlap between both distributions (see Fig. 3e). We dis-
cuss the possible causes for these profiles together with the infor-
mation from the 12+log(O/H) radial gradient:

— One break in the log(N/O) radial profile but no breaks in the
12+1og(O/H) radial profile: positive slopes in the inner parts
might be indicative of the effects of AGN-driven outflows in
the inner parts if outflows are efficient at gas removal. This
decrease in the inner parts not only affects the 12+1log(O/H)
radial profile but also that of the log(N/O), as the gas removal
would lead to a quenching on star formation, and thus, stars
responsible for the production of N by means of secondary
production would not be born at the same rate as in the
inside-out scenario. Negative slopes can be interpreted as
the effects of AGN-driven outflows with lower impact, dilu-
tion from galaxy inflows, or a simultaneous combination
of both.

— One break in both log(N/O) and 12+log(O/H) radial pro-
files: this is the scenario for 22 galaxies in our sample. We
observed that some of them present clear negative slopes in
the inner parts and less prominent or even close to flat slopes
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in the outer parts, which might be interpreted as the effects
of those outer regions not having already undergone the sec-
ondary production N. On the other hand, there is also a group
of galaxies for which we observed the contrary scenario, an
almost flat profile in the inner parts, whereas there is a clear
negative profile in the outer parts. This might be interpreted
as the effects of quenching from AGN feed and/or feedback,
simultaneously lowering the O and N abundances due to the
suppression of star formation, whereas the outer part resem-
bles the inside-out growth scenario.
Finally, we detected 13 galaxies (13.4%) that present two breaks
in the log(N/O) radial profile; the majority of them are found
in galaxies with one break in the 12+log(O/H) profile. In most
of them, a closer look at their log(N/O) profiles (see Fig. A.1)
revealed that the lack of HII regions in some parts forces this
profile, and that a single linear fit or imposing just one break
could fit the data with similar residuals. Thus, these cases can
also likely be explained by the same scenarios proposed for those
galaxies with just one break in the log(N/O) profile.

Lastly, we also analyzed the possible effects of stellar mass
in the slopes V0. For the innermost parts and for galaxies with
no breaks (Fig. 5b), we did not obtain any correlation, which is
in agreement with the results from Pérez-Montero et al. (2016).
In the case of the outer parts in galaxies with one break, we
did not observe any significant correlation, although they are
mainly negative, which again might be indicative of the standard
inside-out scenario or contamination from outflows captured by
the galaxy at the break (see for instance the effects of galactic
fountains, Spitoni et al. 2013).

5.3. The relation between N/O and O/H

The log(N/O) versus 12+1og(O/H) diagram is a powerful tool to
discriminate the processes that might shape the chemical enrich-
ment history of galaxies. While O has a primary production ori-
gin mainly from massive stars, N can have either a primary pro-
duction origin from the same massive stars and/or a production
from intermediate-mass stars (4—7 Mg Kobayashi et al. 2020)
by means of CNO cycles (secondary production; Henry et al.
2000). As a consequence, the relation between these two ele-
ments has an almost constant ratio of log(N/O) for low oxy-
gen abundances (12+1log(O/H) < 8.5 Andrews & Martini 2013;
Vincenzo et al. 2016), as both species are produced in the pri-
mary process of the nucleosynthesis in massive stars. On the
other hand, when there is already enough O (12+log(O/H) > 8.5)
in the ISM from which stars were born, then the CNO cycles
contribute to an extra enrichment of N, leading to an increas-
ing relation between log(N/O) and 12+log(O/H). However, sev-
eral factors affect the expected relation between log(N/O) and
12+log(O/H), leading to a non-negligible scatter in the relation
(see the discussion provided in Paper I). Hence, in the inside-
out growth scenario, this is translated into a decreasing log(N/O)
and 12+log(O/H) as the radii increases, and it reaches the high-
est values in the regions closer to the nuclear part of the galaxies
(e.g., Zurita et al. 2021b; Zinchenko et al. 2021).

However, there is no such characterization for galaxies host-
ing AGNs, especially for LLAGNs. Pérez-Diaz et al. (2021)
report that the nuclear regions of nearby LLAGNs from the
Palomar Survey do not follow the expected relation between
log(N/O) and 12+log(O/H). However, when later analyzing
LLAGNSs from MaNGA, Pérez-Diaz et al. (2025) find that the
abundances in nuclear regions are consistent with the relation
within the scatter if they are derived assuming that they are
ionized by an AGN. For a sample of retired galaxies from

MaNGA, Oliveira et al. (2024) report that if the nuclear regions
are ionized by hot old stellar populations, the trend between
log(N/O) and 12+log(O/H) is inverted, i.e., log(N/O) decreases
with 12+log(O/H). Moreover, no characterization has yet been
provided for the chemical abundance radial gradients in those
galaxies.

Our results show that the majority of HII regions from the
disks of our sample of LINER-like galaxies follow the expected
trend between log(N/O) and 12+log(O/H), and the scatter is sim-
ilar to that observed for the nuclear parts (see Paper I). In some
cases, the innermost HII regions exhibit log(N/O) abundances
which are characteristic of the solar and suprasolar metallicity
regimes, but their 12+log(O/H) ratios are even lower than those
reported for the outer parts, which can be interpreted as the effect
of outflows carrying metal-rich gas (e.g., Villar Martin et al.
2024) to the outer parts before nitrogen pollution from inter-
mediate massive stars. In other cases, the inner most regions
with slightly depressed O/H abundances are similar to the outer-
most ones, which can be interpreted as the effect of gas inflows
from the outer to the inner parts (e.g., Bresolin et al. 2012),
or the effects of galactic fountains (e.g., Spitoni et al. 2013;
Tapia-Contreras et al. 2025).

5.4. A galaxy model accounting for AGN feed(back)

Among the different observational scenarios for AGNs,
LLAGNs provide a useful laboratory as we can address the
effects of the AGN activity in the innermost parts as they are
mostly inefficient AGNs (Marquez et al. 2017). It is beyond the
scope of this paper to either provide a theoretical framework or
a hydrodynamical simulation that account for the AGNs. How-
ever, given the complementary information that we can infer
from the simultaneous analysis of 12+log(O/H) and log(N/O) we
can propose a general and simplified scheme that might repro-
duce and explain the observed trends.

The bathtub model to explain galaxy mass assembly and
chemical enrichment in the whole galaxy provides feasible
explanation for observed properties in large samples of galax-
ies such as the MZR, the fundamental metallicity relation
and the mass-stellar metallicity relation (e.g., Bouché et al.
2010; Lilly et al. 2013; Peng & Maiolino 2014). Latter on,
Belfiore et al. (2019) brought together the bathtub model and
the inside-out scenario (following the approach provided by
Matteucci & Francois 1989) to provide a theoretical frame-
work to explain the metallicity gradients of the gas-phase ISM
observed in galaxies. They came up with a model with four free
parameters: the infall time scale and radial dependence, the star
formation efficiency at the center of the galaxy and the outflow
mass loading factor.

Theoretical models just by accounting for pure star for-
mation processes are used by Belfiore et al. (2019) to repro-
duce the 12+log(O/H) radial gradients and trends observed by
Belfiore et al. (2017). Indeed, they were able to reproduce the
slight drop found in massive galaxies (>10'%3 M) in the inner-
most parts, and also positive gradients for low mass galaxies
(<10° My). However, they also warned against the degeneracy
of the free parameters of their models as well as on the effects
of the calibration used to estimate chemical abundances on the
gas-phase ISM.

More recently, based on hydrodynamical simulations,
Tapia-Contreras et al. (2025) found departures from the
12+log(O/H) single linear radial profile. By just accounting
for the same effects (inflows, outflows and star formation
efficiency), they report that some systems experience breaks
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Fig. 12. Adapted scheme from the bathtub model proposed by Lilly et al. (2013). The illustration on the left shows the scheme of galaxy flows
within the galaxy. The illustration on the right shows the expected gas-phase ISM metallicity radial gradients for different scenarios. Continuous
tracks of the gradients shows evolving systems, whereas dashed tracks shows the expected behavior for already evolved systems.

depending on the dominant mechanism for gas dynamics at a
different scales. They detect some inner parts with significant
steeper negative slopes than in the outer parts, and they con-
cluded this is due to an increase of the star formation activity
due to past infalls of gas. On the other hand, they also report
that some galaxies experience an inner drop, i.e., a change in the
slope from negative (outer) to positive (inner). They conclude
that they are driven by metal-rich outflows, and that they have
shorter life times. They also find that galactic fountains as well
as gas-inflows might introduce changes in the outer parts of the
12+1log(O/H) profile.

Both approaches, the theoretical model by Belfiore et al.
(2019) as well as the predictions from hydrodynamical simula-
tions (Tapia-Contreras et al. 2025) evidence that several factors
compete in the shape of metallicity radial gradients, and that the
general assumption of a single, negative, profile as predicted by
the inside-out scenario might not be accurate in several cases
(e.g., Sdnchez-Menguiano et al. 2018; Pilyugin & TautvaiSiene
2024). However, both approaches ignore the influence of AGN
activity in their evolutionary scenarios.
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Using the bathtub model from Lilly et al. (2013) a as starting
point, we simply added an extracomponent representing the AGN.
The expected behavior for the AGN would be similar to the effects
of long-lived stars in the closed-box models: a sinking point. As
the AGN feeds on gas, that gas would be captured in the closest
parts, such as the NLR and the broad-line region, and from there,
those masses of gas will eventually feed the SMBH. Part of the gas
captured might eventually be ejected to the AGN-driven outflows,
similar to the outflows expected in the star formation that would
lead to the long-lived stars. In short, a fraction of the gas would be
captured by the AGN (inflows) and part would be returned (out-
flows). We represent this small re-adaption on Fig. 12.

Therefore, considering all of these factors, we propose three
main scenarios, distinguishing in each of them between evolving
and already evolved systems, which essentially imply low-mass
or massive galaxies. Namely, they are the inside-out, the infall
dominated and the quenching (or outflow dominated) scenarios.

The inside-out scenario is reached when there is equilibrium
between the different hydrodynamical processes that affect the
gas and allows its secular evolution.
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— For evolving systems we expect that both O/H and N/O radial
profiles show clear negative slopes. We do not detect any
clear example of this scenario in our sample of galaxies, indi-
cating that most of them are already evolved systems.

— For already evolved systems we expect a mildly negative or
mostly flatten 12+log(O/H) profile for our sample, whereas
the log(N/O) gradient shows a steeper profile. In this case,
the HII regions in the log(N/O) versus 12+log(O/H) dia-
gram should be located in a very tight range of oxygen abun-
dances, with an increasing N/O as they are located closer to
the nuclear part. This is the case of galaxies such as GAL
7990-12704, GAL 8331-6102 or GAL 8984-12705.

In all these cases, we report that the abundances in the NLR
of the AGN might not reflect the expected trend as the gas
might have been captured at a different epoch (e.g., GAL 7990-
12704) or there are hints of inflows that have not yet perturbed
12+log(O/H) (e.g., GAL 8331-6102).

The infall dominated scenario is expected when inflows
dominate the gas dynamics in the inner parts. We also report
that it could be the case in which the inflow might shape the
whole radial profile as it is the case in GAL 10510-6103 and
GAL 8141-6102.

— For evolving systems we expect a drastic change in the slope
of the 12+log(O/H) radial profile, presenting negative slopes
in the outer parts and positive slopes in the inner parts.
At the same time, the log(N/O) radial profile should reflect
the expected behavior from the inside-out scenario or, some
small changes in the slope due to the mixing. The position of
the HII regions in the log(N/O) versus 12+log(O/H) displays
an inverted “c” with the lower tail populated by middle/outer
regions and the upper tail populated by inner regions. This
is the case for GAL 11838-3794, GAL 11746-9102, GAL
8134-9102 or GAL 8549-3703.

— For already evolved systems, we expect that the inner parts
of the 12+log(O/H) radial profile shows a positive slope
whereas the outer part is mainly characterized by a flat pro-
file. The log(N/O) profile reflects again a mildly negative
or almost flat profile. In this scenario, the log(N/O) versus
12+1log(O/H) diagram for HII regions shows a vertical rela-
tion for the middle/outer regions, and an horizontal branch
for the inner regions, with high N/O ratios and a wide range
of values for 12+log(O/H). This is the case for GAL 10842-
12704, GAL 11945-3704, GAL 12078-12703 or GAL 7495-
12704 (among many others).

Contrary to the inside-out scenario, there seems to be a better
agreement between the trends and the abundances estimated in
the NLR region of AGN. This would reinforce our proposed sce-
nario, as the infall would feed the AGN and, thus, the metallicity
in the NLR should follow the trend.

Quenching is the expected scenario for an outflow dominated
system. Due to the galactic winds driven by the AGN, extreme
star formation processes or both, gas is removed from the inner
parts and expelled to the halo (in less massive systems) or the
outskirts of the galaxy (for massive systems), and thus, prevent-
ing the chemical enrichment of the inner parts due to the suppres-
sion of star formation. As the secondary production of nitrogen
is delayed with respect to oxygen, it is expected that the effects
are less notorious in the log(N/O) gradient as those stars can con-
taminate the remaining gas.

— For evolving systems, this scenario predicts metallicity gra-
dients with at least one break for both 12+log(O/H) and
log(N/O). The slopes for both cases change from negative
(outer parts) to positive (inner parts), as the quenching pro-
cess is preventing the chemical enrichment in the inner parts,

whereas the outer parts can be enriched by this material or
remain unaffected following the inside-out scenario. How-
ever, due to the time delay in nitrogen production, the pro-
file for the log(N/O) gradient might just reflect a change in
the absolute value of the slope rather than in the sign. With
respect to the log(N/O) versus 12+log(O/H) diagram, HII
regions from inner parts and outer parts are expected to coex-
ist in the same range of O values, and with some differentia-
tion in the N/O values (being higher for the inner parts). This
is the case for GAL 104519-9102, GAL 1190-6103 or GAL

8258-12704.

— For evolved systems, we expect a similar behavior in the
log(N/O) radial profile to the evolving system scenario, but
12+log(O/H) should reflect a change from an almost flat
gradient (outer parts) to a positive slope (inner parts). The
expected behavior in the log(N/O) versus 12+log(O/H) dia-
gram will depend on how much nitrogen can be produced
after the gas removal. If little is produced, then a cluster-
ing of HII regions in similar positions within the diagram
is expected, and with independence of the distance. On the
contrary, if the remaining gas (which can be more easily pol-
luted, as it is less abundant) is contaminated with nitrogen,
then an anti-correlation (or flat distribution) in the log(N/O)
versus 12+1log(O/H) diagram is expected: inner HII regions
would reflect moderate N/O ratios but low O/H abundances,
and outer parts would reflect higher O/H values and mod-
erate to low N/O values. This is the case for GAL 10839-
12795, GAL 11013-6104, GAL 7964-9102 or GAL 8080-
12703 (among many others).

In this case, the metallicity of the NLR of the AGN might be
a footprint of the gas-phase metallicity of the ISM that was
expelled, but also it can be driven away by the same AGN-driven
outflows, lowering its metallicity.

Although we understand that many physical processes at
micro- and macro-physical scales play a role in the evolution of
metallicity radial gradients, our adapted model helps providing
a physical explanation to the observed results in the case of our
sample of LINER-like galaxies. The strength of the different pro-
cesses and the properties of the host galaxy are important actors
in determining the scenario. For instance, the quenching (or out-
flow dominated) scenario might lead to galactic fountains as gas
might be captured and accreted again into the galaxy. We suspect
this is the case for GAL 10215-3703 or GAL 8078-12703. Both
galaxies exhibit in the most outer parts values of 12+log(O/H)
and log(N/O) that mimic the inner parts of their galaxies (even
the values derived for the NLR of the AGN).

The processes that are shaping the galactic radial gradi-
ents, specifically in the inner parts, are mainly inflows and out-
flows. Evidences for outflows driven by LLAGNs have been
reported in the literature (Masegosa et al. 2011; Cazzoli et al.
2018, 2022; Hermosa Muiioz et al. 2022, 2024). Hot accre-
tion flows are expected to power LLAGNs (e.g., Ho 2008;
Mirquez et al. 2017), but reported evidences for such inflows
have been provided in counted cases (see the case for M87,
Yuan et al. 2022). On the other hand, powerful inflows and
outflows can also be observed in star-forming dominated sys-
tems. For instance, Pérez-Diaz et al. (2024) provided indirect
evidences of gas inflows diluting metallicity and enhancing star
formation in interacting galaxies. Powerful outflows are also
expected and reported in galaxies classified as starbursts (see
reviews by Veilleux et al. 2005, 2020, and references therein).
Very recently, Tapia-Contreras et al. (2025) have shown that this
hydrodynamical processes driven by star formation can drasti-
cally affect the shape of metallicity radial gradients finding sim-
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ilar results to ours. Overall, we cannot rule out that the star for-
mation processes are also contributing to the AGN-driven hydro-
dynamical processes that shapes of metallicity gradients.

6. Conclusions

We studied the gas-phase metallicity radial gradients
(12+log(O/H) and log(N/O)) in a sample of 97 LINERs
from SSDS-IV MaNGA, whose central abundances were previ-
ously analyzed in Paper I. We selected galaxies whose nuclear
regions are dominated by LINER-like activity, while the rest of
the analyzed active regions through their disks are powered by
star formation (as also demonstrated by means of the diagnostic
diagrams). We used HCM to estimate chemical abundances

both in the nuclear and disk regions, allowing us to perform a

consistent analysis while keeping track of their differences in

the ionizing sources. We applied a piecewise methodology to fit
those metallicity gradients, allowing breaks as a consequence of
changes in the slopes. Our results are summarized as follows:

1. The majority of our sample of galaxies exhibit departures
from the single linear radial gradient both in 12+log(O/H)
and log(N/O), as would be expected from the inside-out sce-
nario. Particularly for the 12+log(O/H) gradients, we found
that only 23 galaxies (23.7%) show the characteristic sin-
gle linear fit, whereas 48 (49.5%) exhibit one break, and 26
galaxies (26.8%) exhibit two. In the case of the log(N/O)
gradient profile, we find that 41 (42.3%) galaxies are well
reproduced by the single linear profile, 43 galaxies (44.3%)
exhibit one break, and 13 galaxies (13.4%) exhibit two
breaks.

2. We find that for a given galaxy, the 12+log(O/H) and
log(N/O) radial profiles do not follow the same trend, and
the positions found for the breaks are different. Moreover,
for a given 12+log(O/H) radial profile, it is more likely that
the log(N/O) radial profile presents a different shape. This is
in general agreement with the expected time delay between
oxygen and nitrogen production.

3. We did not obtain any correlation between the general shape
of the metallicity radial profiles (breaks, slopes, intersects)
and stellar mass of galaxies. Only in the outer (middle) parts
of galaxies exhibiting one (two) break(s) that are character-
ized by negative gradients did we obtain a very weak anti-
correlation, as previously reported, although it is not statisti-
cally significant.

4. We propose an adaptation of the bathtub model (account-
ing for AGN feed and feedback) as a driver for the depar-
tures from the inside-out scenario. Infalls supplying gas to
the AGN and innermost parts might be the dominant mech-
anism for galaxies with a broken profile in the 12+log(O/H)
radial profile and with an almost unaltered log(N/O) radial
profile. On the other hand, outflows removing gas from the
inner parts and favoring quenching might explain the broken
profiles seen simultaneously in log(N/O) and 12+log(O/H).

5. The observational effects of the imbalance between inflows
and outflows in the metallicity radial gradients might depend
on the evolutionary stage of the galaxy, which are mild in
galaxies already chemically evolved.

6. The chemical content of the gas-phase ISM surrounding the
AGN (NLR) seems to be more representative of the chemical
footprints of the inner parts of the galaxy, whereas the chem-
ical content as derived from the metallicity gradient at the
effective radius seems to be more representative of the galaxy
as a whole when accounting for global properties such as the
MZR.
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Our studies employing a robust methodology to analyze a
sample of galaxies in which the AGN activity is not domi-
nant at all scales show that there are a wide variety of trends
for the chemical abundance gradients. Although we propose a
toy model accounting for AGN activity to explain the observed
behaviors, a comparative analysis with a control sample of
galaxies in the same mass range is needed to assess whether
AGN:ss alter (or not) the shape of the radial metallicity gradients.
Such a study will be published as a forthcoming work within this
series of papers. Additionally, this sample can be explored later
with high-resolution spectroscopic data of the inner parts of the
galaxies to provide a more precise quantification on the effects
of AGNs at different scales.

Data availability

Supplementary online material for this work, which includes the
sets of figures corresponding to Appendices A and B, is available
on Zenodo at https://zenodo.org/records/17900866.
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Appendix A: Abundance radial gradients

We present in this appendix the abundance radial gradients, as traced by 12+log(O/H) and log(N/O), for our sample of LINER-
like galaxies. We only display those regions classified as HII regions according to the diagnostic diagrams (Baldwin et al. 1981;
Kauffmann et al. 2003; Kewley et al. 2006), and we normalized their distances to the galaxy center by R,. For the nuclear estima-
tions, we show the estimations discussed in Paper I.

The results are showed in Fig. A.1, where we show all HII regions considered (gray dots) and the median value (blue) at a
given distance considering 15 different intervals in distance and ensuring that each segment contains at least 10 HII regions. We also
represent the fit (solid black line) obtained from the piecewise algorithm. We only show in the manuscript Fig. A.1 as an example.
The rest of the figures are available on Zenodo.
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Fig. A.1. Metallicity gradients, 12+log(O/H) and log(N/O), in our sample of LINER-like galaxies. Nuclear estimations of the corresponding
chemical abundance ratio are represented as follows: green triangles are the estimations from AGN models with @pxy = —1.6; orange and red stars
are the estimations from pAGB models with T,;; = 10° K and T,;; = 1.5 - 10° K respectively; and black squares are the estimations from ADAF
models. Red vertical lines mark the break point, and red shaded areas their corresponding uncertainty.

Appendix B: log(N/O) versus 12+log(O/H)

We present in this appendix the log(N/O) versus 12+log(O/H) diagram for the HII regions selected in each galaxy in our sample.
We also present the estimations of the chemical abundances of the nuclear region that comprehends the LINER-like emission. We
only show in the manuscript Fig. B.1 as an example. The rest of the figures are available on Zenodo.
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Fig. B.1. Diagram of log(N/O) vs. 12+1log(O/H) for the HII regions in our sample of LINERs. The colorbar shows the distance to the galactic center
in terms of Rsy. Nuclear estimations of the corresponding chemical abundance ratio are represented as follows: green triangles are the estimations
from AGN models with @px = —1.6; orange and red stars are the estimations from pAGB models with T, = 10> K and T,;; = 1.5-10° K
respectively; and black squares are the estimations from ADAF models. The solid back line represents the fit provided by Coziol et al. (1999), the
dotted line shows the fit by Andrews & Martini (2013), and the dash-dotted line shows the fit by (Belfiore et al. 2015).

A289, page 21 of 21



	Introduction
	Sample selection
	MaNGA data and emission line measurements
	Sample of galaxies
	Ancillary data

	Methodology
	HII-CHI-Mistry
	Radial metallicity gradients

	Results
	Trends in the radial metallicity gradients
	Breaks in the fits
	Slopes of the radial gradients
	Intersects of the radial gradients

	Exploring the connection of galaxy properties with gradient shapes
	The log(N/O) versus 12+log(O/H) relation for individual HII regions
	A representative value for the metallicity in galaxies

	Discussion
	The shape of the O/H metallicity gradient in LINERs
	The shape of the N/O metallicity radial gradient
	The relation between N/O and O/H
	A galaxy model accounting for AGN feed(back)

	Conclusions
	Data availability
	References
	Abundance radial gradients
	log(N/O) versus 12+log(O/H)

