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Abstract

Species of the genus Pyrus are used as food (their fruits) and in traditional medicine for
various ailments (their leaves). Previous studies have reported polyphenols, hydroquinone
glycosides, triterpenes, and sterols in pear leaf extracts. This study comparatively character-
ized the micromorphological features and total polyphenol and flavone contents of Pyrus
communis L. leaves collected from Popesti-Leordeni and Récoasa, Romania, and assessed
the preliminary toxicity of the corresponding extracts. Phytotoxicity was evaluated using
the Triticum aestivum assay over a concentration range of 3.33-0.03%, and lethality toward
invertebrates was assessed at concentrations below 1% using the Artemia franciscana Kellogg,
1906 bioassay.
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1. Introduction

Pyrus communis L. (European pear), Rosaceae, is widely cultivated for its edible fruits,
whereas its leaves are a less extensively investigated plant material with potential phyto-
chemical value. Pear leaves contain several classes of specialized metabolites, including
phenolic acids, flavonoids, flavan-3-ols, procyanidins, hydroquinone derivatives such as
arbutin, and triterpenoids [1-3]. Comparative analyses of different anatomical parts of
pear have shown that leaves may contain substantially higher concentrations of phenolic
compounds than the pulp, peel, and seeds and may also exhibit considerable antioxidant
activity [2]. These findings support further investigation of pear leaves as a potential source
of biologically active constituents.

The phenolic composition of pear leaves is not constant. Differences have been reported
among cultivars and rootstocks and according to leaf developmental stage, mechanical
injury, and growing conditions [1,3]. In particular, environmental variables such as ra-
diation exposure, temperature, and nutrient availability may affect the biosynthesis and
accumulation of phenolic compounds involved in plant protection and adaptation [1]. Pear
leaves grown under different radiation environments have shown marked differences in
hydroxycinnamic acids and flavonoids, while natural field conditions were associated with
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higher concentrations of several phenolic classes [1]. Consequently, comparisons between
plant materials collected from different geographical areas may provide useful information
about variation in their morphological and phytochemical characteristics. However, the ef-
fects of environmental conditions must be interpreted together with other potential sources
of variation, including genotype, rootstock, leaf age, and cultivation practices.

Leaf anatomical and surface characteristics provide complementary information about
plant identity and structural variability. Microscopic investigations of pear leaves have
shown differences in traits such as lamina and palisade thickness, palisade-to-spongy tissue
ratio, and cuticle development [4]. Optical microscopy and scanning electron microscopy
can therefore contribute to the characterization and comparison of leaf samples. In addition,
the potential use of phenolic-rich plant extracts requires preliminary evaluation of their
biological safety. Plant-based assays such as the Triticum aestivum test offer simple and
cost-effective methods for detecting concentration-dependent effects on germination, root
growth, and, when cytogenetic endpoints are included, meristematic cell division [5].
Artemia franciscana nauplii provide a complementary invertebrate model in which mortality
can be used as an endpoint for preliminary toxicity screening [6].

In this context, the present study aimed to compare P. communis leaves collected from
two geographical areas of Romania, Rdcoasa in Vrancea County and Popesti-Leordeni in
the peri-urban Bucharest-Ilfov area. The samples were characterized macroscopically and
microscopically using optical microscopy and scanning electron microscopy, and their total
phenolic and total flavonoid contents were determined using spectrophotometric meth-
ods. The potential phytotoxicity of the corresponding extracts was investigated using the
Triticum assay, while lethality toward an invertebrate model was assessed using A. francis-
cana nauplii. By integrating morphological, phytochemical, and preliminary toxicological
observations, this work seeks to characterize variability in pear leaves originating from two
Romanian regions and to provide initial information regarding their potential as sources of
bioactive compounds.

2. Materials and Methods
2.1. Materials

The plant material consisted of pear (Pyrus communis L.) leaves collected during August
and September from private household gardens in two regions of Romania. In each region,
leaves were collected from 10 trees and pooled to obtain one composite regional sample. The
PB sample was collected in Popesti-Leordeni, llfov County (44.3693194° N, 26.1438812° E),
from trees approximately 10 years old. The PV sample was collected in Rédcoasa, Vrancea
County (45.9909924° N, 26.8809485° E), from trees approximately 20 years old. The two
regional composite samples were processed and analyzed separately. Soil properties and
local meteorological variables were not measured directly at individual trees; information
from official regional sources [7,8] was used only to describe the general environmental
context. A voucher specimen (no. 26-27/2016) was deposited in the Department of Phar-
maceutical Botany and Cellular Biology. Species identity was confirmed macroscopically
and microscopically using optical microscopy and scanning electron microscopy (SEM).

Reagents: NaOH/iodine green/alum carmine/Na,CO; (sodium carbonate)/AlCl;/
CH;COONa (sodium acetate) /methanol/Folin-Ciocalteu reagent/quercetin/gallic acid.

2.2. Methods

Surface preparations were cleared with 5% NaOH, and transverse sections were double-
stained with iodine green and alum carmine and examined under a Nikon Labophot-2
microscope (Nikon Corporation, Tokyo, Japan; 10x eyepiece, 4x—40x objectives) [9]. The
results were compared with data from the specialized literature [10,11].
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2.2.1. Scanning Electron Microscopy (SEM) Analysis

The surface characteristics of leaves from both samples were analyzed using scan-
ning electron microscopy (SEM). Analysis was performed on a high-resolution dual-beam
electron microscope (SEM/FIB), model Quanta 3D FEG (FEI Company, Hillsboro, OR,
USA), operating at an accelerating voltage of 5 kV in low-vacuum mode (~50 Pa pressure),
equipped with a low-vacuum secondary electron detector (LVSED). The samples were
minimally prepared by mounting on a double-adhesive carbon tape, without coating [12].

2.2.2. Total Polyphenol Content

The total polyphenol content was determined using the Folin—Ciocalteu spectrophoto-
metric method. The powdered plant material (<250 pm) was extracted with 50% methanol
at a plant-to-solvent ratio of 5 g/100 mLThe extraction was carried out in an ultrasonic
bath (Elmasonic S15H, Elma Schmidbauer GmbH, Singen, Germany) for 30 min at 45 °C.
The extract solution was centrifuged for 10 min at 6000 rpm (C2 centrifuge, Centurion
Scientific Ltd., Chichester, West Sussex, UK). A 50-fold dilution was also made from the
supernatant for determination. Then, 1 mL was transferred to a 10 mL volumetric flask.
5 mL of Folin-Ciocalteu reagent diluted in water (1:10) was added to the solution, and the
flask was filled to the mark with 7.5% Na,CO;.

The control sample was prepared under the same conditions, but distilled water was
used instead of the Folin—Ciocalteu reagent. The prepared samples were kept in the dark for
1 h. Absorbance was measured at 765 nm using a HALO DB-20 UV-VIS spectrophotometer
(Dynamica GmbH, Salzburg-Mayrwies, Austria). The reference solution was prepared from
gallic acid in 70% methanol and used to construct a 7-point calibration curve (r = 0.9996).

2.2.3. Flavonoid Assay

The total flavonoid content was determined by a spectrophotometric method based on
chelation with AICl; in sodium acetate (Romanian Pharmacopoeia, 10th edition, Cynarae
folium monograph). The plant material was extracted in the same manner as for polyphenols.
For determination, 0.5 mL of the extract solution from the supernatant was placed in a
10 mL reaction flask, 2 mL of 10% sodium acetate and 1 mL of 0.25% AICl; were added,
and the volume was made up to the mark with 50% methanol. Absorbance was measured
at 430 nm against a 10-point calibration curve of quercetin (r = 0.9992) [13,14].

2.2.4. Artemia Lethality Test

The lethality of the extracts was investigated using the Artemia franciscana Kellogg
test (Ocean Star International, Inc., Snowville, UT, USA), as described previously [15].
Extract solutions were tested at concentrations of 1%, 0.5%, 0.25%, 0.125%, and 0.0675%,
and artificial seawater was used as the negative control. Expanded experimental details are
provided in Supplementary Methods S1.

2.2.5. Triticum Test (Phytotoxicity Test)

The toxicity of the pear leaf extracts was investigated using the Constantinescu phyto-
biological method (Triticum aestivum assay), as described previously [16,17]. The hydroal-
coholic extract solutions were evaporated to dryness, and the residues were redissolved in
distilled water. Five concentrations were prepared: 3.3%, 2.5%, 1.66%, 0.33%, and 0.033%.
Distilled water was used as the negative control. Expanded experimental details are pro-
vided in Supplementary Methods S2.
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2.3. Statistical Analysis

All statistical modeling and data visualizations were performed in R (version 4.5.3) using
the “brms” [18,19], “nlme” [20,21], “emmeans” [22], “drc” [23], and “ggplot2” [24] packages.

Due to the lack of normality and heteroscedasticity (residual variance being narrower at
higher concentrations), root length was analyzed with a Bayesian distributional regression
model. The model was built with the “brms” R package (through a “cmdstanr” [25]
interface) under a Student’s t-distribution family. The latter includes a degrees-of-freedom
parameter (V) that controls tail thickness, providing more reliable results compared to the
Gaussian family. Both the location parameter (¢t) and the log-scale residual scale parameter
(o) were modeled simultaneously as functions of the predictors. Root length was modeled
as a function of day (main effect), extract, concentration (treated as a factor to be able to
detect discrete level effects), and the extract x concentration interaction. We accounted for
residual heteroscedasticity by allowing the residual scale parameter (o) to change with
concentration levels. Posterior sampling was done using Hamiltonian Monte Carlo (HMC)
with No-U-Turn Sampling (NUTS) across 4 chains. Each chain ran for 2000 iterations,
including 1000 warmup draws, resulting in 4000 post-warmup draws. Model convergence
was confirmed with potential scale reduction factors (R” = 1.00) and sufficient effective
sample sizes (Bulk-ESS > 1000, Tail-ESS > 1000). Post hoc comparisons of each concentration
with the control (similar to Dunnett’s test) were made using emmeans from the posterior
distribution. Differences were deemed statistically credible if the 95% credible intervals did
not include zero.

To ensure that the conclusions were reliable regardless of the modeling approach used,
a classical Generalized Least Squares (GLS) regression model was performed as a sensitivity
analysis with the “nlme” package. Heteroscedasticity was addressed by using a variance
function (varldent (form = ~ 1|Conc)) to provide separate residual variance estimates for
each concentration level. Pairwise Dunnett-adjusted post hoc tests (p < 0.05) were used to
compare these results with those from the primary Bayesian model.

In addition to testing categorical contrasts, median inhibitory concentration (IC50)
values were estimated by treating concentration as a continuous variable. Four-parameter
log-logistic models (LL.4) were built for the two extracts using the drc package, with
separate models for each day and pooled across all three days, as the latter option would
increase statistical power. To prevent larger values from Day 3 from having too strong
an influence over the pooled model, root lengths were normalized as a percentage of the
daily control mean. Because delta-method calculations can yield biologically impossible
negative lower bounds, 95% confidence intervals were estimated using a non-parametric
bootstrapping approach. For each fitted model, 1999 bootstrap replicates were generated
by resampling with replacement; for the pooled analysis, resampling was stratified by Day
to maintain the original day-level balance of the experimental design. The dose-response
model was refit to each replicate and the IC50 re-estimated; replicates where the model
failed to converge were excluded. Point estimates were taken as the IC50 from the model
fitted to the original data, and 95% confidence intervals were calculated using the bias-
corrected and accelerated (BCa) method or the percentile method where BCa could not be
computed, using the “boot” package [26,27] in R.

3. Results and Discussion

Macroscopic analysis of the pear leaves collected from the two geographical regions of
Romania confirmed, based on the description in the Flora Republicii Populare Romine, that
the species is Pyrus communis L., syn. Pyrus sativa DC., syn. Pyrus communis var. sativa DC.
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3.1. Micromorphological and Anatomical Analysis
3.1.1. Light Microscopy (LM)

Although collected from two geographical regions characterized in the specialized
literature by different pedoclimatic conditions [7,8], these did not result in significant
morpho-anatomical differences, as expected. Thus, both the PV and PB samples showed
a characteristic leaf structure: heterogeneously asymmetric, with bistratified palisade tis-
sue. In the midrib, the collateral vascular bundle was surrounded by a sclerenchymatous
pericycle. These anatomical characteristics are consistent with previous studies [28].

3.1.2. Scanning Electron Microscopy (SEM)

Scanning electron microscopy (SEM) analysis revealed the characteristics of the adax-
ial and abaxial epidermis of the pear leaves collected from the two geographical regions.
Stomata were observed only on the abaxial surface of the leaf (Supplementary Figure S1).
The wax deposits on the abaxial surface show the same epicuticular pattern (striations)
for both analyzed samples, and the shape is similar to that reported in the study by
Fernandez V. et al. (2008) [29]. The adaxial surface of the PB samples appears to present a
higher density of wax crystals compared to PV. This may be explained by the plant’s need
to adapt to a more polluted environment in the peri-urban area and to stress factors such as
dehydration. No tectorial hairs were observed on either of the examined leaf surfaces [30].

3.2. Determination of Active Principles (Polyphenols, Flavones)

The polyphenol and flavone content was found to be higher in extracts from plant
products collected in the Bucharest metropolitan area (Popesti-Leordeni, Ilfov). The results
are presented in Table 1 and Figure 1.

Table 1. Total polyphenol and flavone contents of Pyrus communis L. leaf samples collected from two
geographical regions of Romania.

PV—Flavones PB—Flavones PV—Polyphenols PB—Polyphenols Replicate
(g QE/100 g) (g QE/100 g) (g GAE/100 g) (g GAE/100 g)

0.58 0.63 5.88 6.33 1

0.58 0.64 5.73 6.01 2

0.58 0.63 572 6.22 3
0.580 + 0.000 0.633 % 0.006 5.78 £0.09 6.19 £0.16 Mean + SD

Note: PB: sample collected from Popesti-Leordeni, llIfov County; PV: sample collected from Racoasa,
Vrancea County; GAE: gallic acid equivalents; QE: quercetin equivalents. Values are expressed as
mean * standard deviation (SD), n = 3.

It is well known that secondary metabolites, including polyphenols and flavones, are
produced by plants in response to abiotic and biotic stress factors [31-33]. The plant materi-
als were collected during the same period of the year and at the same vegetative stage; how-
ever, the sampled trees differed in approximate age (about 10 years in Popesti-Leordeni and
about 20 years in Ricoasa), and soil and local meteorological variables were not measured
directly. Therefore, the observed quantitative differences should be interpreted as compara-
tive regional observations and cannot be attributed exclusively to environmental conditions.
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Figure 1. Polyphenol and flavone content of plant products collected from the two geographical
regions.
3.3. Determination of Phytotoxicity of Plant Products

Root growth in the Triticum assay exhibited pronounced concentration-dependent
inhibition for both extracts (PB and PV). Relative to Day 1, root length increased on Day 2
(BDay 2 = 0.43, 95% HPD interval: [0.30, 0.57]) and Day 3 (pDay 3 = 0.64, 95% HPD
interval: [0.51, 0.79]). Bayesian posterior contrasts for root growth relative to the negative
control are shown in Figure 2.

Bayesian Posterior Contrasts vs. Control
Posterior Means with 95% HPD Intervals

Extract Type @ PB @ PV
0.03% ®
033%

1.66%

Extract Concentration

2.50%

3.33% '
BT '
'

3 -2 -1 0
Adjusted difference in root length from Control (across days)

Figure 2. Forest plot illustrating the Bayesian posterior contrasts for Triticum root growth compared
with the negative control at different extract concentrations. Overlapping intervals between PB and
PV across all concentrations indicate no statistically credible difference between the two extracts.

Dunnett-style posterior contrasts comparing each concentration with the negative
control indicated that the two lowest concentrations, 0.03% and 0.33%, produced no credible
inhibition. Credible inhibition was observed beginning at 1.66% for both extracts, whereas
severe phytotoxicity occurred at the higher concentrations, with the greatest mean reduc-
tions observed at 3.33%. No credible effect of extract origin was identified (pPV = 0.02,
95% HPD interval: [—0.83, 0.90]), and no credible extract x concentration interaction was
detected. The frequentist GLS sensitivity analysis was consistent with the Bayesian results
and identified the same concentration threshold, with statistically significant inhibition
beginning at 1.66% for both PB and PV (Dunnett-adjusted p < 0.001). Thus, the conclusions
were robust to the statistical modeling approach.

The global four-parameter log-logistic models fitted to the pooled, control-normalized
data estimated similar IC50 values for the two extracts (Table 2). Although the IC50 for
PV was slightly lower than for PB and its confidence interval was narrower, the intervals
overlapped substantially. IC50 estimates for each Day (Table 3) were characterized by
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wide, overlapping confidence intervals, particularly for PB. These findings are consistent
with those from the primary Bayesian model, which also detected no statistically credible
difference between the two extracts. The observed root-length distributions and fitted
dose-response curves across the three measurement days are shown in Figure 3.

Table 2. Global log-logistic IC50 estimates (pooled across days).

Replicates OK CI Method  Upper95% CI Lower 95% CI  Bootstrap SE IC50 (%) Extract
763 bca 14.816 1.499 2.450 1.918 PB
1100 bca 2977 0.962 1.043 1.503 PV

Table 3. Day-specific log-logistic IC50 estimates.

Replicates OK  CI Method Upper95% CI  Lower 95% CI  Bootstrap SE IC50 (%) Day Extract

1364 perc 6.574 1.480 1.239 1 PB
1791 bca 17.774 1.327 3.352 1.995 2 PB
1595 bca 19.583 1.151 3.555 1.817 3 PB
1953 bca 3.487 0.680 0.717 1.587 1 14
1754 bca 3.990 0.522 1.184 1.421 2 PV
1734 bca 17.710 0.738 3.632 1.580 3 14

A: Root Length Distribution by Concentration across Days

Day 1 Day 2 Day 3

15
g1
L
= * * * * * * g * * *
£ ﬁ ﬂ
<
@
z 5 Q
o
Eolee ? ] ? ‘ '
& .
U LIS te &5
0
0 0.03 0.33 1.66 25 3.33 0 0.03 0.33 1.66 25 3.33 0 0.03 0.33 166 25 333
Concentration (%)
B: Log-Logistic Dose-Response Fit across Days
Day 1 Day 2 Day 3
10.0
= 75
€
L
s :
=1 :
€
3 50
]
8 N :
'3
s
25 x
0 1 2 3 0 2 3 0 1 2 3

1
Concentration (%)

BErBEIPy —pPB — PV

Figure 3. Effect of plant extract concentration on Triticum root growth across the 3 days of mea-
surement. (A) Violin plots showing the variation in root lengths by extract, concentration, and
measurement day. Violins indicate kernel density distributions, boxplots indicate medians and in-
terquartile ranges, and points represent individual observations. Asterisks (*) mark groups exhibiting
credible inhibition relative to the control based on Bayesian 95% HPD intervals. (B) Four-parameter
log-logistic dose-response curves fitted across the three measurement days.
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3.4. Determination of Lethality of Plant Products

The Artemia test showed no mortality after 24 h for either pear leaf extract under the
tested concentrations and experimental conditions. Further assay details are provided in
Supplementary Methods S1.

4. Conclusions

The comparative analysis of Pyrus communis L. leaves collected from the two Romanian
regions revealed no major morpho-anatomical differences between the samples. The PB
sample from I[lfov County exhibited higher total polyphenol and flavone contents than the PV
sample from Vrancea County. These differences may be associated with the environmental
conditions specific to the two regions; however, a direct causal relationship cannot be
established based on the available data.

In the Triticum assay, both extracts inhibited root elongation at concentrations of 1.66%
and above. No statistically credible difference between PB and PV was detected. Nei-
ther extract caused mortality in Artemia franciscana under the tested concentrations and
experimental conditions.

Future research should focus on the identification and individual quantification of
phenolic and flavonoid compounds, as well as on the evaluation of the biological activities
and safety of the extracts. Such investigations may clarify the potential use of pear leaves as
a source of bioactive compounds.

The main limitations of this study were the inability to identify the cultivar due to
the absence of fruits, the difference in the approximate ages of the sampled trees between
regions, the use of trees grown in private household gardens rather than a controlled orchard,
and the absence of direct soil and local meteorological measurements at the sampling sites.
Consequently, the available regional environmental information should be interpreted only
as contextual, and no direct causal relationship between environmental conditions and the
observed phytochemical differences can be established.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/chemproc2026022116/s1, Figure S1: SEM micrographs of the abaxial
surface of Pyrus communis L. leaves collected from Ilfov and Vrancea counties; Figure S2: Cytogenetic
observations in root-tip cells of Triticum aestivum exposed to pear leaf extracts; Figure 53: Sampling
locations of Pyrus communis L. leaf material in Romania; Supplementary Method S1: Artemia franciscana
lethality assay; Supplementary Method S2: Triticum aestivum phytotoxicity assay.
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