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Abstract

The genus Glaucium (Papaveraceae), comprising approximately 30 species, is widely dis-
tributed across the Mediterranean region, Europe, North Africa, and Central and South-
west Asia. In the flora of Tiirkiye, the genus is represented by 11 taxa and is commonly
known as “boynuzlu gelincik” and “¢omlek catlatan”. The aim of this study is to explore
the analgesic and anti-inflammatory properties of Glaucium corniculatum (L.) Rud subsp.
refractum (NAB) Cullen, and Glaucium leiocarpum Boiss., which are found in Tiirkiye and
are known for their high alkaloid content. Traditionally, G. leiocarpum has been used for
wound care, cuts, bruises, acne, hemorrhoids, headache, and diarrhea, while G. cornicula-
tum subsp. refractum has been employed as an antitussive and for external applications
against ocular inflammations. Ethanolic extracts and crude alkaloid fractions from the aer-
ial parts were evaluated in vivo in anti-inflammatory and antinociceptive test models.
Anti-inflammatory activity was assessed by the carrageenan-induced paw edema model,
while antinociceptive activity was determined using tail-flick and hot-plate tests. G. leio-
carpum ethanolic extract (200 mg/kg) showed the highest anti-inflammatory activity, ef-
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observed antinociceptive activity. These findings confirm that Glaucium species are tradi-
tionally used and highlight their potential to provide bioactive compounds with anti-in-
flammatory and pain-relieving effects.

Keywords: anti-inflammatory activity; antinociceptive activity; flavonoid; Glaucium;
Glaucium corniculatum; Glaucium leiocarpum

1. Introduction

Medicinal plants represent a valuable source of bioactive compounds with potential
therapeutic applications, and their use continues to gain scientific and clinical relevance
[1]. Glaucium species, which belong to the Papaveraceae family, have been utilized for
various therapeutic purposes in folk medicine across different regions worldwide [2].
Their applications include the treatment of respiratory illnesses and their use as laxatives,
sedatives, antidiabetic agents, and remedies for dermatitis [3]. Traditionally, the aerial
parts of the plant were employed as narcotics or hypnotics, while the seeds were histori-
cally used as laxatives [4]. The aerial parts of Glaucium leiocarpum Boiss are mixed with
honey and used in the form of a plaster for wound care, cuts, bruises, stretch marks, acne
and hemorrhoids. Its leaves are used externally, either alone or mixed with tobacco, to
treat headaches. It has also been reported that its flowers are crushed with olive oil when
fresh and used externally for wound healing and internally as a decoction in the treatment
of diarrhea [5-9]. Similarly, Glaucium corniculatum (L.) Rudolph subsp. refractum (NAB)
Cullen has traditionally been used as an antitussive, and its leaves and fruits have been
applied externally for the treatment of ocular inflammation [10,11]. Despite these wide-
spread traditional uses, the pharmacological activities of these species, particularly their
anti-inflammatory and antinociceptive effects, remain insufficiently explored.

Given the increasing interest in validating traditional medicinal practices through
scientific approaches, the present study aimed to investigate the anti-inflammatory and
antinociceptive activities of G. leiocarpum and G. corniculatum subsp. refractum using estab-
lished in vivo models. Furthermore, a bioactivity-guided fractionation approach was em-
ployed to isolate and characterize the compounds responsible for the observed biological
activities. Within the scope of our project, a carrageenan-induced paw edema test was
performed in rats to determine acute anti-inflammatory activity. For the determination of
antinociceptive activity, the tail-flick test and the hot-plate test were used.

2. Results
2.1. Phytochemical Analysis Results

GLT was identified as the most promising extract among all Glaucium ethanolic and
total alkaloid extracts tested. Therefore, the ethanolic extract of GLT was subjected to lig-
uid-liquid fractionation to obtain fractions and active compounds. The ethyl acetate frac-
tion, which showed the highest activity in the tail-flick and hot-plate tests, was chromato-
graphed on a silica gel column to identify the compounds responsible for the antinocicep-
tive activity. Elution was performed using the appropriate solvent system, which resulted
in the yield of subfractions labelled A1-A6. These subfractions were tested for anti-inflam-
matory and antinociceptive activity, with A4 showing the greatest activity. Following col-
umn chromatography on a silica gel column and preparative TLC, the compounds were
isolated and named compound A (8 mg) and compound B (4.7 mg). Their structures were
elucidated using spectroscopic techniques, including NMR and MS. Compound A was
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identified as quercetin-3-O-glucorhamnoside (Figure 1) and compound B as kaempferol-
3-O-glucorhamnoside (Figure 2).

Compound A, 'TH NMR (400 MHz, DMSO-d6) 6: 7.56 (1H, br s, H-2), 7.54 (1H, dd, |
=8.0,2.0 Hz, H-6'), 6.76 (1H, d, | = 8.0 Hz, H-5'), 6.21 (1H, d, ] =2.0 Hz, H-6), 6.04 (1H, d, |
=2.0 Hz, H-8), 4.94 (1H, d, ] =10.0 Hz, H-1"), 4.43 (1H, br s, H-1""), 1.03 (3H, d, ] = 6.0 Hz,
H-6"").

Compound B, 'H NMR (400 MHz, DMSO-d6) o: 8.08 (2H, d, | = 8.0 Hz, H-2', H-6'),
6.90 (2H, d, ] = 8.0 Hz, H-3', H-5"), 6.35 (1H, d, ] = 2.0 Hz, H-6), 6.17 (1H, d, ] =2.0 Hz, H-
8),5.09 (1H, d, ] =10.0 Hz, H-1"), 4.53 (1H, br s, H-1""), 1.14 (3H, d, ] = 6.0 Hz, H-6"").

HO
(0]

HO

Figure 2. Chemical structure of compound B.

2.2. Biological Activity Test Results
2.2.1. Anti-Inflammatory Activity

This research study aimed to evaluate the anti-inflammatory properties of several
extracts obtained from G. leiocarpum (GL) and G. corniculatum subsp. refractum (GC), offer-
ing a comprehensive analysis of their effects on inflammation. The focus is on ethanolic
extracts, classified as GLT and GCT, as well as on total alkaloid extracts obtained from the
same plant species, named GLA and GCA. Anti-inflammatory activity results are summa-
rized in Table 1, which collectively illustrates the varying degrees of anti-inflammatory
activity exhibited by each extract. In the carrageenan-induced paw edema model, the con-
trol group exhibited a clear and progressive increase in paw volume, rising from baseline
(0 h; 1.67 £ 0.16 mL) to the sixth hour (2.46 + 0.51 mL). Statistically significant differences
were observed at all time points compared to baseline values (p < 0.05), confirming suc-
cessful induction of inflammation. The reference drug indomethacin significantly sup-
pressed edema formation during the early phase of inflammation, with paw volumes re-
maining relatively low between the first hour (1.54 + 0.14 mL) and the third hour (1.67 +
0.19 mL). However, significant increases became evident from the third hour onward (p <
0.05), indicating a time-dependent decline in its anti-inflammatory effect.
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Among the tested extracts, GLT administered at 200 mg/kg exhibited the most pro-
nounced anti-inflammatory activity. Paw volumes remained relatively stable between the
first hour (1.58 + 0.30 mL) and the sixth hour (1.73 + 0.51 mL), with no statistically signifi-
cant increase observed between the second and sixth hours, suggesting effective inhibition
of edema formation during the late inflammatory phase. In contrast, GCT administered at
200 mg/kg showed limited activity, with paw volume increasing steadily from baseline (0
h; 1.65 + 0.07 mL) to the sixth hour (1.95 + 0.29 mL). At the dose of 100 mg/kg, both GLT
and GCT demonstrated moderate anti-inflammatory effects. GLT at 100 mg/kg showed a
gradual increase in paw volume through the sixth hour, with statistically significant dif-
ferences becoming apparent from the second hour onward. Similarly, GCT at 100 mg/kg
increased from 1.53 + 0.05 mL at baseline to 2.04 + 0.13 mL at the sixth hour, indicating
only slight and limited inhibition of carrageenan-induced inflammation. At the 50 mg/kg
dose, both GCT and GLT extracts exhibited weaker activity, resulting in insufficient sup-
pression of edema formation.

The alkaloid fractions GCA and GLA exhibited only weak anti-inflammatory activity
in the carrageenan-induced paw edema model. At 100 mg/kg, paw volume in the GCA-
treated group increased from 1.75+ 0.19 mL at baseline to 2.24 + 0.22 mL at the sixth hour,
reflecting a progression of inflammation comparable to that of the control group. Simi-
larly, the GLA fraction showed only limited activity, with paw volume increasing from
1.57 £ 0.09 mL to 2.07 + 0.18 mL over the same period. Both the GCA and GLA fractions
administered at a dosage of 50 mg/kg demonstrated effects comparable to those observed
with the 100 mg/kg treatment. However, none of the doses exhibited significant suppres-
sion of carrageenan-induced inflammation, as detailed in Table 1.

Overall, the findings demonstrated a clear dose-dependent anti-inflammatory effect,
with the GLT extract at 200 mg/kg exhibiting the most potent inhibitory activity, particu-
larly during the late phase of carrageenan-induced inflammation (2-6 h). Owing to its
pronounced activity profile, the GLT extract was selected for further phytochemical and
biological investigations.

In addition to the total ethanolic extracts, the anti-inflammatory activities of three
fractions obtained from the GLT extract were also evaluated. These fractions consisted of
petroleum ether (GLT-PE), ethyl acetate (GLT-EtOAc), and water (GLT-water), prepared
by liquid-liquid partitioning of the total extract. Table 1 also presents a detailed compar-
ison of fractions. The GLT-EtOAc fraction was found to exhibit the highest anti-inflamma-
tory activity among the tested fractions. Paw volumes remained relatively stable through-
out the experimental period, increasing only slightly from 1.46 + 0.18 mL at baseline (0 h)
to 1.59 = 0.11 mL at the fourth hour and 1.60 + 0.10 mL at the fifth hour. At the sixth hour,
paw volume reached 1.65 + 0.11 mL, which remained markedly lower than that of the
control group (2.46 = 0.51 mL). Only limited statistically significant increases were ob-
served during the observation period, indicating a strong inhibitory effect on carrageenan-
induced edema formation. In contrast, the GLT-PE fraction exhibited minimal anti-inflam-
matory activity. Paw volumes increased progressively from baseline to the sixth hour,
following a pattern comparable to that of the control group, and no marked inhibition of
edema development was observed. The water fraction showed moderate but inconsistent
activity. Paw volume increased from 1.53 + 0.21 mL at baseline to 1.89 + 0.35 mL at the
sixth hour. Although occasional statistically significant differences were detected at cer-
tain time points, the overall effect remained limited, suggesting relatively weak anti-in-
flammatory potential compared with that of the GLT-EtOAc fraction.

Table 1 presents the fractions obtained from the GLT-EtOAc phase by chromato-
graphic techniques to identify the compounds responsible for anti-inflammatory activity.
Subsequent fractionation of the GLT-EtOAc extract indicated distinct activity profiles
across the various fractions. The fractions Al and A2 were tested together in animals, but
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they did not exhibit significant anti-inflammatory effects. Paw volume gradually in-
creased from 1.59 + 0.08 mL at 0 h to 2.14 + 0.16 mL at the sixth hour, and these changes
were statistically significant (p < 0.001), suggesting no inhibition of carrageenan-induced
edema. Fraction A3 showed only weak effects. The paw volume changed from 1.50 + 0.07
mL at the start to 1.64 + 0.12 mL after 6 h. The differences were small and inconsistent,
which indicates a limited ability to reduce swelling. The rise in paw volumes was ob-
served, increasing from 1.59 + 0.12 mL at the Oth time point to 2.01 + 0.24 mL at the sixth
time point following treatment with fractions A5-A6, indicating that these fractions ex-
hibit minor activity against inflammation. On the other hand, fraction A4 displayed the
most pronounced anti-inflammatory effect among the tested fractions. Throughout the
study, paw volumes remained relatively stable. They changed from 1.45 + 0.05 mL at the
start to 1.63 + 0.32 mL at the fifth hour and 1.71 + 0.34 mL at the sixth hour. There were no
significant differences between the second and sixth hours. This suggests that A4 signifi-
cantly reduced swelling, especially during the late phase of inflammation. Taken together,
these findings suggest that fraction A4 represents the most promising fraction for further
phytochemical isolation and characterization studies.

For clarity, the anti-inflammatory responses of the most active treatment groups are
graphically presented in Figure 3.

—&— Control =&+ GLT 200 mg/kg A4
3.0 =i~ Indomethacin - GLT-EtOAc
2.5 1
2.0
=
:
S 15
5
o
1.0+
0.5
00— . ‘ : . ‘ ;
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Time, h
Figure 3. Anti-inflammatory activity of the most active treatment groups in the carrageenan-in-
duced paw edema model. Complete datasets for all experimental groups are provided in Table 1.
Values are expressed as mean =+ SD (n = 6). Statistical comparisons were performed between right
and left paws (paired analysis).* p < 0.05: statistically significant difference. No symbol: not signifi-
cant (p > 0.05).
Table 1. Anti-inflammatory activity of the total ethanolic extracts and alkaloid extracts of G. leio-
carpum (GLT), G. corniculatum (GCT), subextracts of GLT and fractions of GLT-EtOAc (comparison
of test and control paw volume measurements at different time points).
Group 0h 1h 2h 3h 4h 5h 6h
Control (CMC) 1.67+0.16 1.87+0.22* 2.04+017* 224+037* 238+049* 242+054* 246+051*
Indomethacin  1.38+0.12 1.54+0.14 158+0.14 1.67+0.19* 1.68+012* 175+010* 1.89+0.10*
GCT 200 1.65+0.07 1.72+0.13* 1.80+0.12* 1.81+020* 186+0.15* 192+027* 195+0.29*
GLT 200 1.54+032 158+030* 156+033 1.71x0.38 1.76 £ 0.34 1.75+0.39 1.73 £0.51
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GCT 100 153+0.05 1.67+0.09 1.74+0.07* 180+0.08* 1.90+0.13* 197+0.11* 2.04+0.13*
GLT 100 151+0.02 1.68+0.11 1.75+010* 1.79+0.12* 186+021* 1.94+025* 1.96+024*
GCT 50 157+0.10 1.74+0.14 150+0.75 2.01+022* 213+£030* 227+025* 241+030*
GLT 50 143+0.10 1.55+0.09 1.65+012* 1.81+0.18* 1.86+021* 2.04+021* 2.07+024*
GCA 100 1.75+0.19 1.95+021 2.01+£022* 204024 211+0.18* 220+025* 224+0.22*%
GLA 100 1.57+0.09 1.70+0.09* 1.78+0.19* 1.85+0.19* 1.95+020* 2.00+0.16* 2.07+0.18*
GCA 50 1.69+0.06 1.81+0.07 1.98+0.18 2.05+0.24 218+021* 220+0.15* 227+0.10*
GLA 50 1.58+0.14 1.68+0.15* 1.72+0.12* 1.79+0.15* 193+0.12* 197+0.09* 212+0.08*
PE 1.69+019 1.82+024 1.82+017 1.83+0.17 1.88 +0.18 1.86 +0.22 1.92+0.24
ETOAc 146+0.18 1.53+0.16* 1.59+0.12 1.59x0.10 1.59+0.11 1.60+0.10* 1.65+0.11
Water 1.53+021 1.63+021 1.68+021* 1.72+0.20 1.73£0.24 1.76 +0.28 1.89+0.35*
A1-A2 1.59+0.08 1.71+0.08* 1.89+0.22* 1.96+0.14** 2.05+0.15** 213+0.14** 2.14+0.16 ***
A3 150+0.07 1.52+0.04 153+0.05 155+0.05* 158+0.07* 1.64+0.09* 1.64+0.12*
A4 145+0.05 1.62+021* 1.61+025 1.63+0.29 1.64+0.32 1.63 +0.32 1.71+0.34
A5-A6 159+0.12 1.65+0.14 1.77+0.16* 1.77+0.21 1.92+0.24* 1.98+0.25* 2.01+0.24*
Values are expressed as mean + SD (n = 6). Statistical comparisons were performed between right
and left paws (paired analysis). * p < 0.05; ** p < 0.01, *** p < 0.001: statistically significant difference,
no symbol: not significant (p > 0.05).
2.2.2. Antinociceptive Activity
Tail-Flick Test
The antinociceptive activity of extracts from Glaucium species was assessed using the
tail-flick test, and the results are outlined in Table 2. The control group (CMC) did not
show any change in pain response during the experiment, while the reference drug, mor-
phine, significantly increased the time to tail flick, reaching its maximum effect at 60 min
and maintaining a significant effect at 90 min (p < 0.05 compared to control), confirming
its known pain-relieving properties. GLT at 200 mg/kg had the strongest effect, showing
a steady increase in the pain response over time compared with other extracts, whereas
GCT at 200 mg/kg showed moderate activity, although the effects were not statistically
significant compared with the control group. The highest response was observed at 90
and 150 min, with tail-flick latencies of 23.91 + 2.08 s and 22.23 + 1.97 s, respectively, with
the GLT treatment at a dose of 200 mg/kg. Lower doses (100 and 50 mg/kg) of both GLT
and GCT demonstrated minimal or no significant effects at all tested time points.
Interestingly, GLA at 50 mg/kg displayed a significant increase in latency at 150 min
(21.26 + 3.06 s), (p < 0.01), suggesting a delayed but notable antinociceptive effect. Other
groups, including GLA at 100 mg/kg and GCA extracts, showed moderate increases that
did not induce statistical significance.
Table 2. Tail-flick test results of total ethanolic extracts and alkaloid extracts of G. leiocarpum (GLT),
G. corniculatum (GCT), subextracts of GLT and fractions of GLT-EtOAc.
Time . . . . .
Oth min 30th min 60th min 90th min 150th min
Group
Control (CMC) 1197 +2.95 10.19 +2.33 11.28 +2.15 12.36 + 3.60 10.05+1.36
Morphine 10.05 +2.08 15.99 +7.62 20.13+5.12 17.91 +4.37 1220+2.18*
GLT 200 12.73 +2.62 20.73 +5.94 20.25+7.78 23.91+5.09 22.23+4.84
GCT 200 13.06 £7.90 19.90 £ 6.31 19.06 + 6.42 16.18 £ 8.13 18.85+7.87
GLT 100 10.08 + 3.89 14.43 +8.03 14.16 +5.88 14.70 + 4.63 15.30 + 5.87
GCT 100 1240 +1.12 15.18 + 3.89 15.11+4.52 15.21 +3.88 15.18 +3.48
GLT 50 14.83 + 4.46 1591 +3.43 14.36 +2.73 11.58 +2.26 14.90 +2.51
GCT 50 11.91 +4.10 15.00 +1.43 15.35+2.89 13.13 £3.42 11.53+1.71
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GLA 100 10.90 £2.21 14.40 £ 3.32 17.33 £4.39 15.98 + 3.48 16.70 £5.43
GCA 100 14.06 £ 2.39 17.90 £ 6.38 17.75 £ 5.88 16.76 £ 2.66 15.55+1.78
GLA 50 10.93 £ 3.38 13.53 £5.61 16.03 £4.80 15.96 + 8.83 21.26 +7.51
GCA 50 12.25+0.85 10.98 £2.21 13.11£3.95 15.03 £1.53 15.70 £2.01
GLT-PE 797 +1.16 11.60 +2.82 * 12.28 +2.56 ** 11.70 £3.29 * 11.28 +1.44 **
GLT-EtOAc 9.97 + 3.00 12.30+3.93 * 17.57 +4.70 ** 20.28 £ 6.74 ** 21.00+7.80 *
GLT-Water 9.85+1.91 13.15+2.56 * 11.43 +3.61 10.85+2.43 10.27 +1.16
Al 11.33 £2.35 11.03+1.84 12.60 £ 2.53 14.30 £2.30 14.92 +2.67
A2 8.12+1.34 10.02 £2.92 12.27 £2.77 11.85 +£1.81 12.70 £ 1.61
A3 10.48 £1.47 11.75+£1.57 13.79 £2.80 14.83 £1.55 13.38 £2.81
A4 10.75 +2.53 18.88 + 6.09 ** 14.75+7.73 * 15.33 +3.10 ** 14.92 + 3.99
Ab 11.82 +2.44 11.73+0.70 16.10+6.97 * 14.41 +4.00 ** 15.12 +9.46
A6 10.13+1.03 13.65 +2.49 12.83 +2.02 10.83 +1.87 991+217

Values are expressed as mean + SD (n = 6). Statistical analysis was performed using one-way
ANOVA followed by appropriate post hoc test. Significance levels indicate comparison versus con-
trol group: * p < 0.05, ** p <0.01 versus baseline (0 min) within the same group (Bonferroni post hoc

test). Latency times are expressed in seconds (s).

Table 2 also displays the tail-flick latency after treatment with the GLT phases. GLT-
EtOAc demonstrated the most prominent and consistent antinociceptive activity. Latency
times increased from 9.97 + 3.00 s at baseline to 17.57 + 4.70 s at 60 min and 20.28 + 6.74 s
at 90 min (p <0.01), reaching a maximum of 21.00 + 7.80 s at 150 min (p <0.001). Significant
increases in latency were observed at 60 and 90 min (p <0.01), with a further marked effect
at 150 min (p <0.001). These results indicate that the active constituents responsible for the
analgesic effect are predominantly concentrated in the semi-polar fraction. Notably, the
effects observed at 90 and 150 min were comparable to, and at later time points even ex-
ceeded, those of morphine, indicating a strong and sustained central analgesic effect.

In contrast, GLT-PE showed only slight increases in latency (e.g., 12.28 + 2.56 s at 60
min), which were not statistically significant. Similarly, GLT-water did not produce mean-
ingful changes in latency times across all time points (e.g., 10.85 + 2.43 s at 90 min; 10.27 +
1.16 s at 150 min), indicating negligible antinociceptive activity.

The antinociceptive effects of the fractions (A1-A6) were evaluated by measuring
tail-flick latency time at 0, 30, 60, 90, and 150 min following administration. As shown in
Table 2, among the samples tested, subfraction A4 was the most effective, with an average
value of 18.88 + 6.09 s, which was close to the reference druge activity (15.99 +7.62 s).

The other fractions showed moderate or low effects. After 60 min, the difference in
activity remained statistically significant. The reference (morphine) group had the highest
response (20.13 + 5.12 s), followed by A5 (16.10 + 6.97 s) and A4 (14.75 + 7.73 s), indicating
that these fractions had lasting effects. After 90 min, significant differences were observed
between A4 (15.33 +3.10 s) and A3 (14.83 £ 1.55 s), indicating strong activity, whereas A6
displayed lower activity (10.83 + 1.87 s). The reference group maintained a strong response
(17.92 + 4.38 s). On the other hand, at 150 min, there were no statistically significant dif-
ferences among the groups, suggesting that the effects either declined or became similar
over time.

The antinociceptive responses of the most active treatment groups in the tail-flick test
are illustrated in Figure 4 for clarity.
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Figure 4. Antinociceptive activity in the tail-flick test. Only the most active treatment groups are shown
for clarity; complete datasets for all experimental groups are provided in Table 2. Values are expressed
asmean * SD (1= 6). Statistical analysis was performed using one-way ANOVA followed by appro-
priate post hoc test. Significance levels indicate comparison versus control group: * p < 0.05, ** p <0.01
versus baseline (0 min) within the same group (Bonferroni post hoc test). Latency times are expressed
in seconds (s).

Table 3 displays the tail-flick test results of the isolated compounds. Compound A
displayed the most significant antinociceptive effects. A notable increase in latency time
was observed at 60 min (23.17 +5.97 s, p <0.01), peaking at 90 min (26.25+4.93 s, p <0.001)
and remaining significantly elevated at 150 min (24.10 = 9.09 s, p < 0.001). Compound B
also showed considerable antinociceptive effects, with an initial response at 30 min (19.12
+5.46 s, p < 0.05), followed by significant increases at 60 min (22.90 + 7.46 s, p < 0.01), 90
min (25.68 + 6.98 s, p < 0.001), and 150 min (17.12 + 8.00 s, p < 0.01). While its efficacy was
somewhat lower than that of compound A at later time points, compound B still demon-
strated a robust and prolonged analgesic effect. The time-dependent antinociceptive ef-
fects of the isolated compounds are illustrated in Figure 5.

Table 3. Tail-flick test results of isolated compounds.
Group 0 min 30 min 60 min 90 min 150 min
Control (CMC) 11.98 +2.95 10.19+2.33 11.28 £2.15 12.37 +3.60 10.05 +1.37
Morphine 10.05 +2.08 15.99 +7.62 * 20.13 £5.12 ** 17.92 + 4.38 *** 12.20+2.19*
Compound A 9.88 +1.27 13.87 +2.21 23.17 £5.97 ** 26.25 + 4.93 *** 24.10 £ 9.09 ***
Compound B 11.80 +1.56 19.12 + 5.46 * 22.90 +7.46 ** 25.68 + 6.98 *** 17.12 + 8.00 **

Values are expressed as mean + SD (n = 6). Statistical analysis was performed using one-way
ANOVA followed by appropriate post hoc test. Significance levels indicate comparison versus con-
trol group: * p <0.05, ** p <0.01, ** p < 0.001 versus baseline (0 min) within the same group (Bonfer-

roni post hoc test). Latency times are expressed in seconds (s).
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Figure 5. Antinociceptive activity of the isolated compounds in the tail-flick test. Complete datasets
for the isolated compounds are provided in Table 3. Values are expressed as mean * SD (n = 6).
Statistical analysis was performed using one-way ANOVA followed by appropriate post hoc test.
Significance levels indicate comparison versus control group: * p < 0.05, ** p < 0.01, ** p < 0.001
versus baseline (0 min) within the same group (Bonferroni post hoc test). Latency times are ex-

pressed in seconds (s).

Hot-Plate Test

The morphine reference group showed a significant and rapid increase in latency
time, reaching 26.77 + 4.40 s at 30 min and 25.95 + 4.13 s at 60 min, followed by a sustained
but gradually decreasing effect at 90 min (22.74 + 3.14 s) and 150 min (18.76 + 4.88 s) in the
hot-plate test. GLT at a dose of 200 mg/kg demonstrated a strong antinociceptive effect,
with significant increases at 30 min (22.27 + 4.76 s) and 90 min (23.00 + 4.61 s), while show-
ing activity at 60 min (19.53 + 2.64 s). However, its effect was reduced at 150 min (14.21 +
2.02 s), indicating a shorter duration compared to the reference.

GCT at 200 mg/kg exhibited moderate yet consistent activity across all time intervals,
with latencies of 19.77 + 4.35 s (30 min), 20.27 + 6.05 s (60 min), and 20.55 +4.75 s (90 min),
reflecting a stable but less potent antinociceptive profile. At reduced doses, GLT at 100
mg/kg displayed a delayed onset of action, achieving significance only at 90 min (20.47 +
5.42 s), while GLT at 50 mg/kg did not show any significant activity at any time point.
Similarly, GCT at both 100 mg/kg and 50 mg/kg did not yield significant antinociceptive
effects.

The GLA and GCA groups showed time-varying responses. GLA at 100 mg/kg
demonstrated significant activity at 60 min (22.95 +7.09 s), while GLA at 50 mg/kg showed
a delayed but significant effect at 150 min (19.58 + 5.34 s). GCA at 50 mg/kg exhibited
notable activity in the late phase, with latency increasing to 20.32 + 6.00 s at 90 min (p <
0.05) and to 22.99 +2.08 s at 150 min, indicating a prolonged antinociceptive effect. These
results are displayed in Table 4.

The antinociceptive responses of the most active treatment groups in the hot-plate
test are illustrated in Figure 6 for clarity.
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Table 4. Hot-plate test results of total ethanolic extracts and alkaloid extracts of GLT, GCT, subex-
tracts of GLT and fractions of GLT-EtOAc.

Group 0 min 30 min 60 min 90 min 150 min
Control (CMC) 14.07 +4.09 15.47 £ 3.51 14.82 £3.99 18.52 +6.78 21.02+5.43
Morphine 12.14+2.10 26.77 +4.40 2 25.95+4.13a 22.74+3.14 - 18.76 £+ 4.88 <
GLT 200 14.00 +3.30 2227 +4.764 19.53 +2.64 23.00+4.61 1421+2.024
GCT 200 15.12 +3.27 19.77 + 4.35 20.27 £ 6.05 20.55 +4.75 20.23 +5.06
GLT 100 13.13+3.92 16.53 £ 5.52 18.53 +£5.58 20.47 £5.42 16.83 + 8.68
GCT 100 19.48 + 6.89 16.23 £3.29 19.57 +£10.20 16.98 £3.31 16.07 £ 4.69
GLT 50 10.67 +3.96 9.87 +1.55 11.03+1.73 10.02 £3.79 11.26 £3.15
GCT 50 9.58 +0.44 9.33+1.57 8.50 +1.63 9.47 +3.00 10.66 £2.91
GLA 100 14.63 +3.99 18.55 + 6.00 22.95+7.09 19.02 £3.83 19.67 £7.26
GCA 100 13.08 +2.57 15.90 + 4.08 19.33 +£4.252 14.77 + 4.00 13.17 £3.03
GLA 50 8.90 +2.33 12.37£1.42 17.27 +5.76 19.38 +3.73 b 19.58 +5.34
GCA 50 12.78 +3.30 17.08 £1.10 19.06 + 6.68 20.32 £6.00 22.99 +2.08
GLT-PE 9.62 +1.81 12.63 +2.46 13.97 £2.23 13.95+3.93 11.03 +3.37
GLT-EtOAc 10.97 +1.98 13.98 +2.80 19.58 +4.14 * 17.15+1.90 20.47 +7.25**
GLT-Water 12.95+2.30 15.03 + 3.38 14.08 £ 4.31 15.90 +2.40 13.82 £2.45
Al 11.03+1.41 11.12+1.57 13.87 +£3.70 14.53 £2.62 16.42 +3.46
A2 9.80+2.73 9.78 +0.70 12.65 + 6.44 15.05 +5.48 15.02+7.01
A3 11.95+2.28 15.07 +1.88 21.90 + 6.28 ** 20.44 +5.60 ** 18.18 +5.24
A4 10.85+2.13 16.17 + 6.25 18.55 +4.72 * 14.03 +3.13 15.27 +3.62
A5 10.23 +£2.32 11.49 +3.04 11.35+2.80 11.12+3.12 12.27 +2.12
A6 10.67 +1.30 14.39+£3.11 14.05 + 4.15 13.83 £4.19 11.43 £2.93

35
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Latency time, s

Data are expressed as mean + SD (1 =6). 2 p <0.05 versus 0 min. ? p <0.05 versus 30 min.c p < 0.05 versus

60 min. ¢p <0.05 versus 90 min. (Bonferroni post hoc test). Values are expressed as mean + SD (1 = 6),

Latency times are given in seconds (s). Significance vs. control group: * p < 0.05; ** p < 0.01.
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Figure 6. Antinociceptive activity in the hot-plate test. Only the most active treatment groups are

shown for clarity; complete datasets for all experimental groups are provided in Table 4. Values are
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expressed as mean + SD (n = 6). Latency times are expressed in seconds (s). ** p < 0.01 versus the

control group.

GLT-EtOAc among the tested phases demonstrated the most notable activity. A clear
increase in latency time was observed at 60 min (19.58 + 4.14 s), which remained elevated
at 90 min (17.15 + 1.90 s) and further increased at 150 min (20.47 + 7.25 s), indicating a
sustained antinociceptive effect, particularly in the late phase. In contrast, GLT-PE showed
minimal activity across all time points, with latency values remaining relatively low (13.97
+ 223 s at 60 min and 11.03 + 3.37 s at 150 min), suggesting weak or negligible activity.
Similarly, the GLT-water phase did not exhibit a significant antinociceptive response, with
latency times remaining close to control values throughout the experiment (e.g., 14.08 +
4.31 s at 60 min and 13.82 + 2.45 s at 150 min). All results are displayed in Table 4.

Regarding the fraction activities, all results are also shown in Table 4. Only the A3
fraction demonstrated a notable antinociceptive effect, with latency values of 21.90 + 6.28
s at 60 min and 20.44 + 5.60 s at 90 min. Conversely, fraction A4 exhibited moderate activ-
ity, particularly at 30 min (16.17 + 6.25 s) and 60 min (18.55 + 4.72 s), with the latter being
statistically significant. Nonetheless, this effect was not sustained throughout the experi-
ment. Fractions Al and A6 showed slight increases in latency over time, indicating weak
and delayed activity. Fraction A2 exhibited variable responses, with moderate increases
detected at later time intervals (15.05 + 5.48 s at 90 min and 15.02 + 7.01 s at 150 min). In
contrast, the A5 fraction remained predominantly inactive throughout the experiment,
with latency values closely aligning with those observed in the control group.

The antinociceptive effects of compound A and compound B, assessed using the hot-
plate test, are highlighted in Table 5. Compound A (14.55 +3.73 s) and compound B (12.17
+ 2.74 s) showed only slight improvements in pain relief compared to the control group
(15.47 £ 3.51 s). At 60 min, the antinociceptive effects of the test compounds became more
evident. Compound A increased latency time to 18.20 +5.42 s, while compound B reached
16.42 +3.42 s, both indicating moderate central analgesic activity, although still lower than
morphine (25.95 + 4.13 s). At 90 min, all groups showed increased latency; however, the
differences between groups were less notable. Compound A (20.72 + 6.61 s) and com-
pound B (18.98 + 6.47 s) remained close to the control (18.52 + 6.78 s) and morphine (22.74
* 3.14 s), suggesting a plateau in effect. At 150 min, compound A maintained its activity
(21.15+7.32 s), showing a sustained antinociceptive effect comparable to the control (21.02
+5.43 s), whereas compound B exhibited a decline (11.70 +2.71 s). Morphine also showed
a reduction in effect at this time point (18.76 + 4.88 s).

The antinociceptive activities of the isolated compounds in the hot-plate test are
graphically presented in Figure 7 to facilitate visualization of their time-dependent effects.

Table 5. Hot-plate test results of isolated compounds.

Group 0 min 30 min 60 min 90 min 150 min
Control (CMC) 14.07 +4.09 15.47 £ 3.51 14.82 £3.99 18.52 £ 6.78 21.02+5.43
Morphine 12.14 +2.10 26.77 +4.40 *** 25.95 +4.13 *** 22.74+3.14 18.76 + 4.88
Compound A 11.83 £1.65 14.55 +3.73 1820 +£542* 20.72 + 6.61 21.15+7.32*%
Compound B 9.77 +2.66 12.17 +2.74 16.42 +3.42 18.98 + 6.47 11.70+2.71

Values are expressed as mean + SD (1 = 6). Significance levels indicate comparison versus. control
group: * p <0.05, ** p <0.001.
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Figure 7. Antinociceptive activity of the isolated compounds in the hot-plate test. Complete datasets
for the isolated compounds are provided in Table 5. Values are expressed as mean * SD (n = 6).

Significance levels indicate comparison versus control group: * p <0.05, *** p <0.001.

3. Discussion

In the present study, the anti-inflammatory activity of Glaucium extracts and fractions
was evaluated using the carrageenan-induced paw edema model. The anti-inflammatory
activity test showed that a dose of 200 mg/kg of GCT was inactive at all measured time
points. In contrast, GLT inhibited carrageenan-induced hind paw edema from the second
to the sixth hour at the same dose. At 100 mg/kg, both GCT and GLT displayed anti-in-
flammatory activity only during the first hour, with no effects thereafter. There was no
significant difference in paw volume between before GCT 50 mg/kg application and up to
3 h after, indicating that GCT could prevent edema development for up to 3 h at this dose.
However, from 4 to 6 h post-application, edema appeared in the right paw, and GCT 50
mg/kg dose treatment no longer alleviated it. GLT at 50 mg/kg showed anti-inflammatory
activity only during the first hour after treatment, making its effect at this dose insignifi-
cant. The carrageenan-induced paw edema model is one of the most widely used and
reliable in vivo methods for evaluating acute inflammatory responses and screening po-
tential anti-inflammatory agents. This model is characterized by a biphasic inflammatory
process. The early phase (0-2 h) is predominantly mediated by the release of histamine,
serotonin (5-hydroxytryptamine), and bradykinin, whereas the late phase (2-6 h) is
mainly associated with enhanced prostaglandin synthesis through activation of the cy-
clooxygenase (COX) pathway and other arachidonic acid metabolites [12-15]. The initial
inflammatory response is characterized by vascular changes and the development of mild
edema, while the subsequent phase is associated with a more pronounced inflammatory
reaction resulting from the increased production of pro-inflammatory mediators. There-
fore, this model remains a valuable tool for elucidating the mechanisms of anti-inflamma-
tory agents and evaluating their therapeutic potential [14,16]. As expected, the control
group treated with carboxymethylcellulose (CMC) exhibited no significant difference be-
tween the two paws prior to carrageenan administration, confirming baseline homogene-
ity. The reference drug, indomethacin, a known nonsteroidal anti-inflammatory drug
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(NSAID), effectively inhibited edema formation up to the third hour, as evidenced by the
absence of significant paw differences during this period. This pattern implies that GLT
may interfere with prostaglandin-mediated pathways rather than early inflammatory me-
diators. The temporary nature of this activity clearly indicates that further fractionation
and isolation are essential to identify bioactive compounds.

A similar temporal profile was observed for the GCA 50 mg/kg and GCA 100 mg/kg
treatments, both of which delayed edema formation in the early hours but failed to sustain
this effect. These findings may indicate the presence of bioactive constituents that target
early inflammatory signaling pathways but lack sustained pharmacokinetic or pharmaco-
dynamic properties. In contrast, GLA extracts (both 50 and 100 mg/kg) were consistently
ineffective at all time points, indicating that this fraction likely lacks compounds with anti-
inflammatory potential, at least within the tested dose range. Taken together, these results
highlight a clear dose-dependent and time-dependent variation in anti-inflammatory ac-
tivity among the tested extracts. The differential activity profiles between GCT, GLT,
GCA, and GLA extracts suggest that the distribution of active constituents varies signifi-
cantly among extracts. In particular, GLT appears to be the most promising candidate for
further phytochemical investigation.

At the fraction level, the GLT-EtOAc fraction showed notable anti-inflammatory ac-
tivity. Sub-fraction analysis revealed that fraction A4 exhibited the strongest effect in this
time range, indicating that the active compounds are concentrated in this fraction. In con-
trast, sub-fractions A1-2 and A5-6 showed weaker activity, suggesting that the main bio-
logical effect is largely driven by the constituents present in A4.

The antinociceptive effects of the extracts were evaluated through the utilization of
the tail-flick and hot-plate tests. Analyzing the results collectively reveals a time- and
dose-dependent analgesic profile, with certain extracts exhibiting differential efficacy be-
tween the two assessment models. The tail-flick test demonstrated the most pronounced
effects at later time points, specifically at 90 and 150 min. Notably, GLT at 200 mg/kg pro-
duced a strong and sustained increase in latency, exceeding that of morphine at the final
time point. Similarly, GLA at 50 mg/kg showed a marked late-phase effect. In contrast,
lower doses exhibited minimal or transient activity, indicating a clear dose dependency
and suggesting that active constituents may require sufficient concentration to exert an-
tinociceptive effects. In the hot-plate test, a broader and generally stronger antinociceptive
response was observed across multiple extracts. Among the test samples, GLT 200 again
demonstrated prominent activity, particularly at 30 min and 90 min, indicating both early
onset and sustained efficacy. Additionally, GCA 50 mg/kg showed a remarkable late-
phase effect, surpassing those of most other groups. Compared with the tail-flick results,
several extracts, such as GCT 200 mg/kg and GLA 100 mg/kg, showed more consistent,
moderate activity in the hot-plate model. When comparing the two models, GLT 200
mg/kg clearly shows the most consistent activity among the extracts. This finding sup-
ports the ongoing study focused on the GLT extract.

These assessments provide valuable insights into the mechanisms underlying pain
modulation. In the tail-flick test, the GLT-EtOAc fraction showed a significant, time-de-
pendent increase in activity, comparable to morphine at 90 and 150 min. Conversely, the
GLT-water and GLT-PE fractions exhibited activity similar to that of the controls, indicat-
ing limited or no significant antinociceptive effects. Results from the hot-plate test corrob-
orate that the GLT-EtOAc fraction had the highest activity, although some time points
showed no significant differences, indicating possible model-specific variations.

Compounds isolated from the ethyl acetate fraction, identified as kaempferol-3-O-
glucorhamnoside and quercetin-3-O-glucorhamnoside, align with the observed biological
effects. In the tail-flick test, kaempferol-3-O-glucorhamnoside appeared to have an early
onset (30 min) but a short-lived effect, whereas quercetin-3-O-glucorhamnoside had a
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later onset (60 min) with a longer duration. These differences suggest varying pharmaco-
kinetic and pharmacodynamic profiles, possibly due to differences in absorption, distri-
bution, and mechanisms of action. While neither compound significantly outperformed
morphine in the tail-flick test, they appear potent as antinociceptive agents. However,
their limited impact in the hot-plate test suggests primarily spinal-level effects.

The phytochemical investigation was conducted within the framework of a bioactiv-
ity-guided isolation strategy, with the primary aim of identifying constituents associated
with the observed biological activities rather than providing an exhaustive characteriza-
tion of all metabolites present in the extract. Accordingly, the chemical study focused on
compounds that were obtained in sufficient quantities to enable complete structural elu-
cidation and subsequent biological evaluation.

The remarkable anti-inflammatory and pain-relieving benefits of other Glaucium spe-
cies have also been reported. Glaucium grandiflorum Boiss & Huet, a native Iranian plant,
was shown to significantly reduce carrageenan-induced edema, with an ED50 of 13.59
mg/kg. In formalin tests, doses of 60-90 mg/kg of G. grandiflorum yielded significant pain
relief, and the hot-plate test showed that these doses also significantly elevated pain
thresholds [17]. In a study, the pain-relieving effects of the G. vitellinum methanol extract
were evaluated using the formalin and the hot-plate tests. G. vitellinum treatment at 50,
100, 200, and 400 mg/kg by injection provided pain relief during both phases of the for-
malin test, along with saline and morphine (2 mg/kg by injection) 15 min before the for-
malin test. In the hot-plate test, G. vitellinum extract was tested at doses of 80, 160, 200, and
250 mg/kg. The results showed that all doses of G. vifellinum extract significantly reduced
pain (p < 0.05) during the first phase compared to the control group. In the second phase,
the extractes pain relief was similar to that of morphine. Additionally, using naloxone, a
drug that blocks opioid receptors, reversed the pain-relieving effect of the extract in the
formalin test. In the hot-plate method, the highest dose of 250 mg/kg showed that the
extractes pain-relieving effect was comparable to morphine. According to the studyes re-
sults, G. vitellinum extract has significant pain-relieving effects in both the formalin test
and the hot-plate method in mice, suggesting it could be a helpful option for pain man-
agement [18]. One of the earliest reports demonstrated that extracts obtained from Glau-
cium grandiflorum exhibited significant anti-inflammatory and analgesic activities in ex-
perimental animal models. In carrageenan-induced paw edema assays, the plant extract
markedly reduced edema formation, indicating inhibition of acute inflammatory re-
sponses [17].

Previous pharmacological investigations on Glaucium species have largely attributed
their anti-inflammatory and analgesic activities to isoquinoline alkaloids, particularly
aporphine-, protopine-, and benzophenanthridine-type constituents. Among these, glau-
cine has received considerable attention for its ability to modulate inflammatory responses
by suppressing pro-inflammatory mediators. Ivanovska and Philipov [19] demonstrated
that glaucine and oxoglaucine significantly reduced TNF-a and IL-6 production while en-
hancing IL-10 secretion in activated macrophages, suggesting a regulatory effect on cyto-
kine-mediated inflammatory pathways. Furthermore, comprehensive reviews have high-
lighted that alkaloids isolated from Glaucium species can inhibit nitric oxide production,
cyclooxygenase activity, and inflammatory cytokine release, thereby contributing sub-
stantially to the anti-inflammatory and analgesic potential of the genus [4,20-21].

Consequently, the biological activities reported for Glaucium species have generally
been associated with their alkaloid-rich phytochemical profiles. However, the findings of
the present study suggest a different perspective. Bioactivity-guided fractionation of G.
leiocarpum led to the identification of two flavonoid glycosides, kaempferol-3-O-glu-
corhamnoside and quercetin-3-O-glucorhamnoside, associated with the observed phar-
macological effects. The pharmacological relevance of these findings is supported by prior
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reports showing that both rutin and kaempferol derivatives exhibit potent anti-inflamma-
tory, antioxidant, and analgesic properties. These compounds have been shown to sup-
press oxidative stress, inhibit the production of pro-inflammatory cytokines and inflam-
matory enzymes, and modulate nociceptive signaling pathways.

Quercetin-3-O-glucorhamnoside, which is widely known as rutin, is particularly
noteworthy due to its well-documented antinociceptive and anti-inflammatory proper-
ties. Previous studies have demonstrated that the administration of quercetin-3-O-glu-
corhamnoside produces significant antinociceptive effects, which are partly mediated
through opioidergic pathways [22]. In neuropathic pain research, quercetin-3-O-glu-
corhamnoside has demonstrated the ability to reduce mechanical and dynamic allodynia,
as well as alleviate spontaneous pain behaviors. This compound also inhibits the activa-
tion of mitogen-activated protein kinases and decreases the expression of several prono-
ciceptive mediators within the dorsal root ganglia. Furthermore, administration of the
compound has been observed to inhibit upregulation of CX3C chemokine receptor 1, C-C
chemokine receptor type 2, and matrix metallopeptidase-9, suggesting a potential modu-
latory effect on neuroinflammatory signaling pathways implicated in the development of
chronic pain [23]. Additional evidence indicates that quercetin-3-O-glucorhamnoside may
act synergistically with conventional analgesics, as demonstrated by its potentiation of
naproxen-induced antinociception in the acetic acid-induced writhing model [24]. More
recent studies have also revealed that quercetin-3-O-glucorhamnoside treatment signifi-
cantly reduced paw edema, arthritis scores, thermal hyperalgesia, and cold allodynia, pro-
ducing effects comparable to those of indomethacin. These improvements were accompa-
nied by a marked reduction in serum TNF-a levels and oxidative stress markers, includ-
ing malondialdehyde, together with increased superoxide dismutase and catalase activi-
ties and restoration of thiol levels. Such findings suggest that quercetin-3-O-glucorham-
noside exerts its pharmacological effects through a multifactorial mechanism involving
the suppression of inflammatory mediators, attenuation of oxidative stress, and modula-
tion of nociceptive pathways [25].

The other compound, whose structure has been elucidated as kaempferol-3-O-ruti-
noside, namely nicotiflorin, has attracted increasing attention because of its multifaceted
anti-inflammatory and antinociceptive properties. Early pharmacological investigations
demonstrated that kaempferol-3-O-rutinoside-containing extracts significantly reduced
nociceptive responses in chemical and thermal pain models, including acetic acid-induced
writhing, formalin, capsaicin, and hot-plate tests, suggesting the involvement of both pe-
ripheral and central analgesic mechanisms as well as indicating that kaempferol-3-O-ru-
tinoside may interfere with the release of inflammatory mediators and the activation of
sensory neurons associated with pain transmission [26]. Subsequently, Yu et al. [27] re-
ported that kaempferol-3-O-rutinoside protected vascular endothelial cells against TNF-
a-induced injury by reducing nitric oxide (NO) production and preserving endothelial
integrity, thereby highlighting its role in regulating inflammation-associated vascular
dysfunction. Further evidence demonstrated that kaempferol-3-O-rutinoside exerts anti-
inflammatory effects through the suppression of key inflammatory mediators, including
cyclooxygenase-2 (COX-2), inducible nitric oxide synthase (iNOS), TNF-«, IL-1p, and IL-
6, thereby attenuating inflammatory signaling and oxidative stress [28,29]. More recently,
mechanistic studies have revealed that kaempferol-3-O-rutinoside directly targets major
inflammatory pathways, particularly the NF-kB and NLRP3 inflammasome signaling cas-
cades. In an experimental model of ulcerative colitis, kaempferol-3-O-rutinoside signifi-
cantly alleviated tissue inflammation by inhibiting NF-kB activation and downstream in-
flammasome-mediated responses [30]. Collectively, these studies indicate that
kaempferol-3-O-rutinoside acts through multiple complementary mechanisms involving

https://doi.org/10.3390/molecules31152711



Molecules 2026, 31, 2711

16 of 22

cytokine regulation, suppression of inflammatory enzymes, inhibition of oxidative stress,
and modulation of nociceptive pathways.

Although members of the Papaveraceae are recognized for their characteristic alka-
loids, the present study adopted a bioactivity-guided isolation strategy. While an alkaloid
fraction was included in the initial pharmacological screening, the ethyl acetate fraction
exhibited the most promising biological activity and was therefore selected for further
phytochemical investigation. Consequently, the compounds reported herein reflect the
outcome of the bioactivity-guided isolation process rather than a comprehensive charac-
terization of all metabolite classes present in the plant. Within this context, the flavonoid
glycosides isolated from the ethyl acetate fraction provide further evidence that, in addi-
tion to alkaloids, non-alkaloidal constituents may also contribute to the pharmacological
properties of G. leiocarpum. To further support the phytochemical characterization, HPLC
chromatographic fingerprints of the crude extract and the principal fractions have been
included in the Supplementary Materials. These chromatographic data provide additional
information on the overall chemical profiles of the investigated samples. Taken together,
while alkaloids remain important chemotaxonomic markers of the genus, the present
study provides evidence that flavonoid glycosides can also play a meaningful role in me-
diating the anti-inflammatory and antinociceptive effects of G. leiocarpum. Given that
quercetin-3-O-rutinoside and kaempferol-3-O-rutinoside were identified as active constit-
uents of G. leiocarpum in the present study, the previously reported mechanisms, as men-
tioned, may partly explain the antinociceptive and anti-inflammatory activities observed
in the current experimental models. Therefore, the biological activity of G. leiocarpum may
not be exclusively attributable to alkaloidal constituents, as traditionally assumed, but
may also involve substantial contributions from flavonoid-derived mechanisms. This ob-
servation expands the current understanding of the pharmacologically active constituents
of the genus and suggests that non-alkaloidal metabolites should also be considered when
investigating the therapeutic potential of Glaucium species. Further studies focusing on
isolated compounds, synergistic interactions between flavonoids and alkaloids, and the
molecular mechanisms of action are warranted to clarify their relative contributions to the
plants overall biological activity.

Although the primary objective of the present study was to identify the bioactive
extracts, fractions, and compounds responsible for the observed anti-inflammatory and
antinociceptive activities through a bioactivity-guided isolation approach, a comprehen-
sive toxicological evaluation was beyond the scope of this work. The selection of fractions
for further investigation was based on their pharmacological activity, and the alkaloid
fraction was not selected for subsequent phytochemical investigation because it was not
identified as the most active fraction during the bioactivity-guided screening. Further-
more, no mortality or obvious signs of acute toxicity were observed in the experimental
animals at the tested doses. Likewise, although complementary in vitro anti-inflammatory
assays, such as HRBC membrane stabilization and LPS-stimulated macrophage models,
may provide additional mechanistic insights while reducing animal use, the present study
was designed to evaluate the pharmacological efficacy of the extracts, fractions, and iso-
lated compounds using well-established in vivo models. The carrageenan-induced paw
edema model enables the assessment of the complex inflammatory response under phys-
iological conditions, while the tail-flick and hot-plate tests allow simultaneous evaluation
of antinociceptive activity. Therefore, these in vivo models were considered the most ap-
propriate approach to achieve the objectives of the study. Nevertheless, future investiga-
tions should include complementary in vitro studies to further elucidate the underlying
mechanisms of action, as well as comprehensive toxicological evaluations to establish the
safety profiles of the active fractions and isolated compounds.
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In conclusion, the findings of this study suggest that G. leiocarpum, particularly its
total extract, exhibits promising antinociceptive activity with a dose- and time-dependent
profile. Although the effects were not statistically confirmed at the pairwise level, the ob-
served trends warrant further investigation, including isolation of active constituents and
evaluation of their mechanisms of action.

4. Materials and Methods
4.1. Plant Material

Glaucium species were collected from the Yasamkent district of Ankara, Tiirkiye, dur-
ing the flowering period between May and June 2020, following the required permissions
from the Ministry of Agriculture and Forestry. The collected plant materials were taxo-
nomically identified by Prof. Dr. Hayri Duman (Department of Biology, Faculty of Sci-
ence, Gazi University, Ankara, Tiirkiye). Voucher specimens of Glaucium corniculatum (L.)
Rudolph subsp. refractum (NAB) Cullen (AEF 28819) and Glaucium leiocarpum Boiss. (AEF
28817) are deposited in the Herbarium of Ankara University Faculty of Pharmacy (AEF),
Ankara, Tiirkiye.

4.2. Experimental Design

The study was designed as a controlled in vivo experimental investigation to evalu-
ate the anti-inflammatory and antinociceptive activities of the plant extracts, alkaloid frac-
tions, solvent fractions, chromatographic subfractions, and isolated compounds. The in-
dependent variables were treatment type, administered dose, and measurement time. The
dependent variables were paw volume in the carrageenan-induced paw edema model
and response latency in the tail-flick and hot-plate tests. The vehicle-treated group served
as the negative control, while indomethacin and morphine were used as reference treat-
ments for the anti-inflammatory and antinociceptive experiments, respectively. Each ex-
perimental group consisted of six animals. Measurements were obtained repeatedly at
predefined time points, and the results were expressed as mean + SD.

All animal experiments were conducted following the approval of the Ankara Uni-
versity Local Ethics Committee for Animal Experiments (Approval No. 2020-1-3) and in
accordance with the principles of the 3Rs (Replacement, Reduction, and Refinement). Alt-
hough no validated in vitro model could replace the integrated evaluation of both anti-
inflammatory and antinociceptive activities required for the objectives of this study, ef-
forts were made to minimize animal use and suffering. To comply with the principle of
Reduction, the tail-flick and hot-plate tests were performed sequentially in the same ani-
mals following treatment administration, thereby reducing the total number of animals
required. In addition, the minimum number of animals necessary to achieve statistically
reliable results (n =6 per group) was used, and all procedures were conducted to minimize
animal distress in accordance with ethical guidelines.

4.3. Extraction and Isolation

The overall bioactivity-guided extraction and isolation workflow is summarized in
Figure 8, while the individual steps are described in detail in the following subsections.
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Figure 8. Schematic representation of the bioactivity-guided extraction, fractionation, and isolation
procedure of Glaucium leiocarpum, leading to the isolation of rutin (compound A) and nicotiflorin

(compound B).

4.3.1. Preparation of Total Ethanolic Extract

After drying in the shade at room temperature, the aerial parts of both Glaucium spe-
cies, including the petals, were mechanically powdered. Approximately 1 kg of powdered
plant material was extracted with 95% ethanol using a Soxhlet apparatus over three con-
secutive 8 h cycles. The combined ethanolic extracts were concentrated under reduced
pressure at 45 °C using a rotary evaporator to obtain crude total ethanolic extracts. Total
extracts were coded as GCT for G. corniculatum and GLT for G. leiocarpum.

4.3.2. Preparation of Total Alkaloid Fraction

Crude alkaloid fractions were prepared from the total ethanolic extracts. Briefly, the
concentrated ethanolic extract was acidified with 3% HCl solution to pH 1-2 and kept at
room temperature overnight. The mixture was then filtered, and the filtrate was subjected
to liquid-liquid extraction with hexane to remove nonpolar constituents. Subsequently,
the aqueous phase was alkalized to pH 9-10 using 25% NH4OH and extracted repeatedly
with dichloromethane. The dichloromethane phases were combined and evaporated to
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dryness under reduced pressure, yielding crude alkaloid fractions. Total alkaloid fractions
were coded as GCA for G. corniculatum and GLA for G. leiocarpum.

4.3.3. Fractionation of Total Ethanolic Extract

Due to its prominent biological activity, the total ethanolic extract of G. leiocarpum
was selected for bioactivity-guided fractionation. The crude extract (GLT; 134.5 g) was
suspended in distilled water and successively partitioned with petroleum ether and ethyl
acetate. The petroleum ether extraction was repeated until the organic phase became col-
orless. Combined petroleum ether phases were concentrated under reduced pressure at
40 °C. The remaining aqueous phase was subsequently partitioned with ethyl acetate us-
ing the same procedure. Finally, the residual aqueous phase was lyophilized. As a result,
petroleum ether (PE), ethyl acetate (EtOAc), and aqueous fractions were obtained.

4.3.4. Isolation of Active Compounds from EtOAc Fraction of Total Ethanolic Extract

The ethyl acetate fraction (GLT-EtOAc; 21.75 g), which exhibited the highest activity,
was subjected to chromatographic isolation procedures. Initially, the fraction was sepa-
rated on a silica gel column using a CHCl:--MeOH gradient system (100:0 — 0:100, v/v).
Fractions with similar TLC profiles were combined to obtain six major subfractions (A1-
Ab). The subfractions were evaluated biologically, and subfraction GL-A4 (51.80 g) was
selected for further purification due to its remarkable activity. Fraction monitoring was
performed by thin-layer chromatography (TLC) using EtOAc—formic acid-acetic acid—
water (100:11:11:26, v/v/v/v) as the mobile phase. TLC plates were visualized under UV
light at 254 and 366 nm and sprayed with vanillin-H25Osreagent.

Subfraction A4 (fractions 35-37) was further purified by reversed-phase column
chromatography on C18 silica gel using an H.O-MeOH gradient system (90:10 — 0:100,
v/v). Subfractions were collected according to their chromatographic behavior and subse-
quently combined.

Further purification was achieved by column chromatography on silica gel, eluted
with CHCls--MeOH-H:0 (80:20:2 — 70:30:5, v/v/v), using the combined fraction Fr. 9-19
(1.19 g). Final purification of the compounds was performed by preparative thin-layer
chromatography using EtOAc-MeOH-water (100:15:10, v/v/v) as the developing solvent
system.

As a result of the isolation studies, two flavonoid derivatives were isolated and struc-
turally characterized by spectroscopic methods, including 'H-NMR, C-NMR, 2D-NMR
(COSY, HSQC, HMBC), and LC-MS analyses.

4.4. Biological Activity Studies
4.4.1. Anti-Inflammatory Activity
Carrageenan-Induced Paw Edema Model

Male Wistar albino rats were used to evaluate anti-inflammatory activity. Animals
were randomly divided into 12 groups (1 = 6): control, reference, total ethanolic extracts
(50, 100, and 200 mg/kg), and alkaloid fractions (50 and 100 mg/kg). Samples were sus-
pended in physiological saline containing carboxymethyl cellulose (CMC) and adminis-
tered intraperitoneally (i.p.) 1 h before carrageenan injection. Indomethacin (10 mg/kg,
i.p.) was used as the reference drug.

Acute inflammation was induced by subcutaneous injection of 0.05 mL of 1% carra-
geenan solution (Sigma, Burbank, CA, USA) into the plantar surface of the right hind paw.
The same volume of saline solution was injected into the left hind paw as a control. Paw
edema volume was measured hourly for the first 6 h using a plethysmometer (Ugo Basile,
Gemonio-Lombardy, Italy).
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4.4.2. Antinociceptive Activity
Tail-Flick Test

Male Balb/c mice were divided into 12 groups (1 = 6). Test samples, including total
extracts (50, 100, and 200 mg/kg), alkaloid fractions (50 and 100 mg/kg), and isolated com-
pounds (10 mg/kg), were suspended in CMC-containing saline and administered intra-
peritoneally. Morphine hydrochloride (10 mg/kg, s.c.) was used as the reference drug.

Reaction times were recorded at 0 min (before administration) and at 30, 60, 90, and
150 min after treatment. During the experiment, radiant heat was applied to a marked 5
cm region of the tail using a tail-flick analgesia meter (Ugo Basile, Gemonio, Italy). The
latency period between heat application and tail withdrawal was recorded as the reaction
time. The infrared intensity was set at IR = 15 based on preliminary optimization studies.
To avoid tissue damage, a 30 s cut-off time was used.

Hot-Plate Test

Male Balb/c mice were divided into experimental groups as described above. Test
samples and reference drugs were administered using the same protocol as in the tail-flick
assay. Animals were placed individually on a hot plate maintained at 50 °C, and response
latencies to thermal stimuli (paw licking or jumping) were recorded at 0, 30, 60, 90, and
150 min after treatment. A maximum cut-off time of 30 s was applied to prevent tissue
injury.

4.5. Statistical Analysis

Statistical analyses were performed using SPSS version 21.0 software (IBM Corp., Ar-
monk, NY, USA). Data are presented as mean + standard deviation (SD) and standard
error of the mean (SEM).

The normality of the data obtained from anti-inflammatory activity studies was eval-
uated using the Shapiro-Wilk test. Comparisons between right and left paw volumes
within the same group were performed using Studente t-test.

Repeated-measures ANOVA and one-way ANOVA were used for intergroup com-
parisons. Homogeneity of variances was assessed by Levenes test. Tukeyes HSD post hoc
test was used to make multiple comparisons between groups. Differences were consid-
ered statistically significant at p <0.05.

Supplementary Materials: The following supporting information can be downloaded at
https://www.mdpi.com/article/10.3390/molecules31152711/s1: Figure S1. HPLC chromatogram (254
nm) of the total ethanolic extract of Glaucium leiocarpum; Figure S2. HPLC chromatogram (254 nm)
of the ethyl acetate subextract of Glaucium leiocarpum; Figure S3. HPLC chromatogram (254 nm) of
fraction A4 obtained from the ethyl acetate subextract of Glaucium leiocarpum; Figure S4. HPLC chro-
matogram (254 nm) of fraction Fr9-19 obtained from fraction A4 of the ethyl acetate subextract of
Glaucium leiocarpum; Figure S5. HPLC chromatogram (254 nm) and UV spectrum of rutin (Com-
pound A); Figure S6. HPLC chromatogram (254 nm) and UV spectrum of nicotiflorin (Compound
B); Figure S7. 'H NMR spectrum of rutin (Compound A); Figure S8. 13C NMR spectrum of rutin
(Compound A); Figure S9. "H NMR spectrum of nicotiflorin (Compound B); Figure S10. *C NMR

spectrum of nicotiflorin (Compound B).
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