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ABSTRACT: Glaucium grandiflorum, a perennial herb belonging to the Papaveraceae family, exhibits significant biological
activities. This study aims to quantitatively determine the alkaloid content in various plant parts and evaluate the anti-
inflammatory activity of its hydroethanolic extract from aerial parts during the flowering stage in rats.The total alkaloid
content was determined through alkaloid precipitation at pH=10 using concentrated ammonium hydroxide, followed by
weighing. The anti-inflammatory activity was assessed by injecting 0.1 mL of 2.5% formalin into the right hind paw to
induce acute inflammation. Quantitative analysis revealed the presence of alkaloids in all tested plant parts. The highest
alkaloid content was found in fruits (5.07%), followed by aerial parts in the fruiting stage (3.21%) and aerial parts in the
flowering stage (1.41%), with the lowest content in the roots (0.66%). The extract exhibited significant inhibition of paw
edema (P < 0.05). Both oral and intraperitoneal administration of 200 and 400 mg/kg of the extract reduced edema
formation, indicating that G. grandiflorum possesses anti-inflammatory activity. The maximum anti-inflammatory activity
was observed at a dose of 400 mg/kg (95.42%), surpassing indomethacin at 10 mg/kg (89.77%) on oral administration.
Our study suggests that the hydroethanolic extract of flowering aerial parts is likely safe in rats up to a dose of 2000
mg/kg and possesses anti-inflammatory activity when administered orally or intraperitoneally. In conclusion, the
hydroethanolic extract of G. grandiflorum may be a valuable resource for managing disorders associated with
inflammation as an anti-inflammatory agent. This activity is likely attributed to the presence of alkaloids, phenols,
flavonoids, and saponins.
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1. INTRODUCTION

Inflammation represents the immune system's response to chemical or physical stimuli, pathogens,
or irritants [1]. This response manifests through histological changes such as pain, redness, swelling,
elevated temperature, and, in some cases, a loss of organ function [2]. Inflammatory responses are
commonly triggered in various diseases, including cancer, cardiovascular disease, rheumatoid arthritis,
inflammatory bowel disease, certain chronic respiratory disorders (such as asthma), and central nervous
system disorders like Alzheimer's and Parkinson's disease [3]. This process involves increased blood flow,
vasodilation, the migration of inflammatory cells, including macrophages, edema formation due to fluid
accumulation, tissue damage [4], and the release of inflammatory mediators like prostaglandins, histamine,
leukotrienes, prostacyclin, lymphokines, interleukins (IL), and tumor necrosis factor-alpha (TNF-a) [5]. Non-
steroidal anti-inflammatory drugs (NSAIDs) constitute a cornerstone in the treatment of inflammation [6].
NSAIDs work by inhibiting the activity of the cyclooxygenase enzyme, thereby reducing prostaglandin
production [7]. While these drugs are readily available and effective for managing acute and chronic
inflammation [6], they often come with serious side effects, such as gastric ulcers, hypertension, renal failure,
and bleeding, especially with prolonged or high-dose usage [8]. Consequently, there is growing interest in
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exploring natural sources as safer alternatives with proven potential for treating inflammation and fewer
side effects compared to synthetic drugs.

Glaucium grandiflorum Boiss. & Huet, a member of the Papaveraceae family, is distributed across the
Middle East, with a presence in the eastern Mediterranean (Turkey, Syria, Iraq) and extending to Iran. It is a
perennial wild herb, typically reaching a height of 40 to 50 cm, with flowering occurring in April and ripe
fruits observed in June to July. The petals of this herb are typically reddish-orange with a dark basal spot
[9,10]. Various species within the genus have been employed in traditional herbal medicine for their laxative,
hypnotic, and anti-diabetic properties. The latex extracted from the stem and leaves has been used to treat
sores, wounds, dermatitis, and as an antiseptic [11-13]. External application of G. corniculatum extract has
been considered useful for alleviating joint pain, headaches, and constipation [14]. Capsules of G.
grandiflorum have been used in Turkey, while the latex in Iran has been employed to treat ophthalmic
diseases [15].

Phytochemical analysis has suggested that G. grandiflorum is rich in isoquinoline alkaloids as the
primary nucleus, which can be further categorized into several types, including Aporphine (e.g., glaucine,
isocorydine, corydine, isocorytuberine), Protopine type (e.g., protopine, cryptopine, allocryptopine),
Benzophenanthridine type (e.g. dihydrochelerythrine, (-)-norchelidonine, (-)-8-
acetonyldihydrochelerythrin), and Tetrahydroprotoberines (e.g., isocorypalmine) [16-18]. However, limited
research has been conducted on G. grandiflorum regarding its pharmacological and medicinal activities,
including anti-microbial, anti-bacterial, anti-inflammatory, analgesic, anti-tumoral, and anti-
acetylcholinesterase properties [11,12, 15-19].

Although the anti-inflammatory activity and acute toxicity of its methanolic extract were previously
evaluated in Turkey in 2002 [20], the types and concentrations of active plant components, particularly
phenols, flavonoids, alkaloids, saponins, and their biological roles, can be influenced by environmental
factors such as temperature, humidity, and soil quality [21].

However, the content of alkaloids in various plant parts of G. grandiflorum wildly grown in Syria and its
anti-inflammatory potential have not yet been thoroughly investigated. To comprehend the source of this
effect, it is crucial to identify the chemical composition of the extract. Thus, this study aims to investigate the
anti-inflammatory activity of G. grandiflorum through both oral and intraperitoneal administration and to
elucidate the relationship between this effect and the active ingredients in the extract. The results presented
in this paper are a step toward discovering new, safe, and potent herbal anti-inflammatory compounds.

2. RESULTS

Syrian G. grandiflorum can be morphologically distinguished from the species found in Iran and
Turkey, with variations in flower color and size between the flowering and fruiting stages. This
characteristic distinction has been recorded for the first time in the Syrian species (Figure 1). Therefore, it
was imperative to determine the differences in alkaloid content in various aerial parts (flowers, leaves,
stems) during flowering and fruiting stages, roots, and capsules.
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Figure 1. A: Aerial parts in flowering stage (red flowers, stems, leaves, buds).
B: Aerial parts in fruiting stage (orange flowers, stems, leaves, capsules).

The total alkaloid content was found to be the highest in the fruits (capsules) at 5.07%, followed by
aerial parts in the fruiting stage at 3.21%, flowering aerial parts at 1.41%, and the lowest in the roots at 0.66%.
The results showen in Table 1 and Figure 2.

https://doi.org/10.12991/jrespharm.1766199
J Res Pharm 2025; 29(5): 2035-2044

2036


https://doi.org/10.12991/jrespharm.1766199

Al-Sheikh et al. Journal of Research in Pharmacy
Total alkaloids and anti-inflammatory activity of Glaucium grandiflorum Research Article

Table 1. Total content of alkaloids in different plant parts.

Sample mg of curd alkaloid / g dry plant* % Alkaloid
Flowering aerial part 14.13 £2.25 %1.41
Fruiting aerial parts 30.40 +0.11 %3.04
Fruit 50.76 £0.65 % 5.07
Root 6.61 £1.71 % 0.66
* Values are showed as the meant SD
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Figure 2. Graph illustrating the total content of alkaloid in different plant parts of G. grandiflorum.

Our results indicate that the oral and intraperitoneal administration of the plant extract at graded
doses did not result in mortality or toxic effects in rats, except for some behavioral changes observed at
higher doses (= 800 mg/kg), such as drowsiness, lethargy, and reduced appetite within the first 4 hours.

The results of the effect of G. grandiflorum hydroethanolic extract of the flowering aerial parts on
formalin-induced paw edema in rats are presented in Table 2 and 3.

Table 2. Anti-inflammatory effect of G. grandiflorum hydroethanolic extract and Indomethacin on formalin-induced paw
edema.

Paw thickness (mm) at various time interval+ S.D

Oh 1h 2h 3h 4h
Group I 4.24+0.5 5.63+0.69 5.77+0.81 5.76+0.86 5.87+0.76
Group II 4.39+0.30 5.32+0.44 5.08+0.44 4.97+0.43 4.86x0.41
Group III 4.27+0.08 5.32+0.17 5.22+0.25 5.05+0.16 4.95+0.24
Group IV 4.07+0.19 4.89+0.30 4.68+0.16 4.62+0.14 4.50+0.13
Group V 4.59+0.20 5.55+0.22 5.26+0.29 4.91+0.14 4.77£0.22
Group VI 4.58+0.35 5.42+0.21 5.36+0.17 5.14+0.27 5.05+0.35
Group VII 3.81+0.49 4.48+0.51 4.32+0.45 4.09+0.47 3.88+0.47

Values are showed as the meant SD.
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Table 3. Anti-inflammatory effect of G. grandiflorum hydroethanolic extract and mdomethacin on mhibition of paw
edema mduced by formalin

Percentage of Swelling

(Edema inhibition (%))

1h 2h 3h 4h
Group I 32.810.75 35.8342.63 36.353.15 38.3341.18
20.9442.25* 15.61+2.04* 12.8042.60*a 10.47+1.80*a
Group II
(36.17%) (56.43%) (64.80%) (72.68%)
24.39+1.75* 22.11+3.71* 18.08+1.76* 15.72+3.47*
Group III
(25.66%) (38.29%) (50.27%) (58.99%)
20.13+1.84* 15.04+1.40* 13.70+1.86*b 10.62+1.89*b
Group IV (38.66%) (58.03%) (62.32%) (72.28%)
20.9340.53* 14.65+2.83* 6.9411.52%a 3.9241.38*a
Group V
(36.22%) (59.11%) (80.90%) (89.77%)
18.31+3.30* 17.09+3.87* 12.13+2.14* 10.24+1.61*
Group VI
(44.19%) (52.29%) (66.64%) (75.12%)
17.71£1.93* 13.04+2.81* 27.32+1.51*b 1.7620.791*b
Group VII
(46.03%) (63.60%) (79.88%) (95.42%)

Values are showed as the mean+ SD

*All test groups showed significant differences from the negative control group (p<0.05), as determined by one-way
ANOVA followed by the Tukey test.

a The Groups treated with indomethacin (oral or injection) were statistically significant at the 3rd and 4th hours
(p<0.05).

b The groups treated with the extract at a dosage of 400 mg/kg (oral or intraperitoneal) were statistically significant at
the 3rd and 4th hours (p<0.05).

All test groups showed significant differences from the negative control group (p<0.05), as
determined by one-way ANOVA followed by the Tukey test. Groups treated with indomethacin (oral or
injection) were statistically significant at the 3rd and 4th hours (p<0.05). The groups treated with the extract
at a dosage of 400 mg/kg (oral or intraperitoneal) were statistically significant at the 3rd and 4th hours
(p<0.05).

The extract exhibited significant anti-inflammatory activity when administered both
intraperitoneally and orally at treatment doses of 200 and 400 mg/kg. Paw thickness initially increased in
the first hour but gradually decreased thereafter. Oral administration of the extract resulted in inhibition
rates of 75.12% and 95.42% at doses of 200 mg/kg and 400 mg/kg, respectively, while intraperitoneal
administration led to inhibition rates of 58.99% and 72.28% at the 4th hour (Figures 4 and 5).

3. DISCUSSION

G. grandiflorum is a wild plant endemic to the Syrian region that has not been previously investigated.
This study marks the first attempt to determine the total alkaloid content in different plant parts. In
accordance with a previous report from Aleppo University, it was found that the total phenol and flavonoid
content of the Syrian species were superior to the Turkish species. Given this, it became necessary to
thoroughly investigate the anti-inflammatory activity of the Syrian species in comparison to its Turkish
counterpart. Furthermore, we sought to evaluate the effects of the extract when administered orally
compared to intraperitoneally and assess the efficacy of higher doses beyond 200 mg/kg.
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The results of acute toxicity in this study, using the hydroethanolic extract of flowering aerial parts of
G. grandiflorum, indicate that the extract is relatively safe and non-toxic to rats, as no mortality was recorded
within 72 hours. However, it should be noted that high doses (=800 mg/kg) did lead to certain behavioral
changes, such as drowsiness, lethargy, and reduced appetite, which may limit their practical use.

The extract from the flowering aerial parts of G. grandiflorum exhibited anti-edematogenic and anti-
inflammatory activity in the acute phase of inflammation induced by formalin. The injection of formalin
(2.5%) into the subplantar region of experimental animals typically results in pain associated with significant
redness and an increase in paw thickness. It is a commonly used model for studying acute and chronic
inflammatory pain, causing paw edema through a biphasic response. The early neurogenic response is
stimulated by bradykinin and substance-P, while the late inflammatory response is mediated by histamine,
serotonin, bradykinin, and prostaglandins [22-23].
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Figure 4. Graph illustrating the inhibition of
increasing paw thickness by G. grandiflorum
hydroethanolic extract and Indomethacin (oral)

Figure 3. Graph illustrating the inhibition of increasing
paw thickness by G. grandiflorum hydroethanolic extract
and Indomethacin (intraperitoneal)
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Figure 5. A: Rats paw before formalin injection (normal).
B : Negative control
C : Rats paw after formalin injection. (redness and swelling)
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D : Rats paw which treatment with the extract. (decrease in edema formation and less redness
compared to negative control)

All groups treated with the extract and indomethacin demonstrated significant anti-inflammatory
responses throughout the experiment compared to the control group (p<0.05). The extract dose-dependently
inhibited the development of paw swelling. Paw thickness reduction was observed with the oral
administration of the G. grandiflorum extract (at a dose of 400 mg/kg) at all measurement time points, similar
to the effect of the standard (Indomethacin 10 mg/kg, oral). The maximum inhibition was achieved after 4
hours with the extract (95.42%) at a dose of 400 mg/kg on oral administration, while the standard drug also
exhibited its highest inhibition effect after 4 hours (89.77%).

Interestingly, significant anti-inflammatory activity was observed with oral administration at a dose of
400 mg/kg compared to intraperitoneal administration at the same dose (p<0.05). This suggests that the
extract is more effectively absorbed through the digestive tract than when injected intraperitoneally,
emphasizing the importance of sufficient absorption and distribution for pharmacological action [24].

In recent years, there has been a growing focus on secondary metabolites of plants due to their
therapeutic potential. Preliminary phytochemical screening of G. grandiflorum demonstrated the presence of
alkaloids, flavonoids, triterpenoids, sterols, and saponins in the flowering aerial parts, while anthraquinones
and cardiac glycosides were absent [25]. Additionally, the total phenol and flavonoid contents in the
hydroethanolic extract were determined (16.908 mg GAE/g DW, 14.769 mg Rutin /g DW, respectively), and
the antioxidant activity was evaluated through the DPPH assay (IC50= 1.770 mg/ml) [26]. These findings
suggest that the anti-inflammatory effect of the extract may be attributed to the presence of these plant
chemical constituents.

The exact mechanism by which the Syrian G. grandiflorum extract exerts its anti-inflammatory activity
remains unclear. Nevertheless, our results and previous literature suggest that phenolic compounds inhibit
the production and action of pro-inflammatory mediators [27], flavonoids can inhibit enzymes involved in
inflammation, such as phosphodiesterases and phospholipase A2 [28-29], and alkaloids, especially those
from the poppy family, have diverse pharmacological activities, including anti-inflammatory and pain-
relieving properties. Glaucine is an important alkaloid isolated from Glaucium species. Research suggests
that Glaucine may have the ability to reduce edema, which is swelling caused by the accumulation of fluid in
tissues. It does so by influencing various inflammatory mediators[30]. Berberine is another alkaloid, and it
belongs to the benzylisoquinoline alkaloid group. It has been shown to possess anti-inflammatory effects.
Berberine can inhibit swelling by reducing the synthesis of prostaglandin E2 (PGE2), which is an
inflammatory mediator [31]. Protopine alkaloids, isolated from Macleaya Cordata and possibly other plants,
have demonstrated anti-inflammatory properties. These alkaloids seem to act in a manner similar to non-
steroidal anti-inflammatory drugs (NSAIDs) by affecting the activity of the cyclooxygenase enzyme (COX),
which is involved in the inflammatory response [32]. Saponins, too, have shown anti-inflammatory effects,
particularly in diseases like rheumatoid arthritis [33-34].

In previous studies on Glaucium species and their anti-inflammatory properties, it was observed that
G. flavum ethanol extract demonstrated a reduction in edema upon oral administration in vivo [35].
Additionally, G. acutidentatum exhibited anti-inflammatory effects in vitro [36]. Notably, a study conducted
in Turkey reported that the methanol extract of G. grandiflorum, prepared through maceration, displayed a
superior paw edema inhibition effect (98.88%) three hours after carrageenan injection when compared to the
percentage of edema inhibition achieved by the hydroethanolic extract of the Syrian species (200 mg/kg and
400 mg/kg), which was 58.99% and 72.28%, respectively, four hours after formalin injection via
intraperitoneal administration. However, it is worth noting that the anti-inflammatory efficacy of the
Turkish extract was nearly equivalent to that of the Syrian species extract administered orally at a dose of
400 mg/kg (95.42%). The variance in extraction solutions and methods likely accounts for the differences in
these observed biological activities. Furthermore, other research has reported the anti-inflammatory action of
topically administered G. grandiflorum extract. These findings collectively suggest that G. grandiflorum
exhibits anti-inflammatory properties when administered via intraperitoneal, oral, and topical routes.

4. CONCLUSION

In conclusion, our results indicate that the hydroethanolic extract of Syrian G. grandiflorum flowering
aerial parts, containing alkaloids, flavonoids, triterpenoids, and saponins, possesses anti-inflammatory
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activity. Further studies are required to determine the precise mechanism of action and identify the specific
phytochemical compounds responsible for this efficacy.

5. MATERIALS AND METHODS
5.1. Chemicals, Equipment, and Plant materials

Chemicals: The following chemicals were employed in the experiments: Ethanol (Scharlau Chemie,
Spain), acetic acid (Panreac, EU), Ammonia solution (Screchem Products LTD., England), formaldehyde
solution (Screchem Products LTD., England), and Saline 0.9% (Serda Pharma Solutions, Syria). Indomethacin
(a standard drug) was procured from Anhui Biochem United Pharmaceutical, China.

Equipment: The experimental setup included an Ultrasonic apparatus (Hwashin Technology Co.,
Korea), a Rotary evaporator (Buchi, Switzerland), and an Electronic Digital Caliper (Gilbert, China).

Plant materials: G. grandiflorum was collected from Qudsaya- Subarb, Damascus, Syria, located in the
southern part of the country, in April (flowering stage) and May (fruiting stage) of 2021. The plant was
identified by Dr. Thanaa Harammi, Department of Pharmacognosy, Aleppo University, Syria. Various parts
of the plant (aerial parts during flowering and fruiting stages, capsules, and roots) were air-dried for two
weeks in the shade at room temperature. Subsequently, the dried plant material was powdered and stored in
a sealed container.

5.2. Determination of Total Alkaloid Content

For each part (aerial parts in flowering and fruiting stages, capsules, and roots), 5 g of plant material
was placed in a flask with 50 mL of 10% acetic acid in ethanol. The mixture was covered and allowed to
stand for 4 hours, followed by filtration. This extraction process was repeated three times. The filtrate was
then concentrated to one-quarter of the original volume, and concentrated ammonium hydroxide was added
dropwise until alkaloid precipitation occurred at pH = 10. The solution was allowed to settle, and the
precipitated alkaloids were collected, washed with 0.1M ammonium hydroxide, and filtered. The resulting
residue represented the alkaloid content, which was dried in an oven (at 40°C) and weighed. The percentage
of alkaloids was expressed as [37-38]:

% Alkaloid = (Weight of alkaloid / Weight of sample) x 100
5.3. Extraction Procedures

10 g of powdered aerial parts in the flowering stage of G. grandiflorum was placed in a flask with 100
mL of 70% ethanol in an ultrasound bath operating at 42 kHz, 70 W, 60 minutes, and 40°C [39]. The
extraction process was repeated three times. The resulting extracts were filtered using Whatman No. 2 filter
paper and evaporated to dryness in a rotary evaporator under reduced pressure at 40°C. The resulting
extract was stored at 4°C until use. The yield of the extract was calculated as the mass of dried extract
divided by the mass of 1 g of dried powder, resulting in a yield of 28%.

5.4. Anti-inflammatory activity of G.grandiflorum
5.4.1 Animals

Male and female Albino Wistar rats weighing 125-150 g were used for evaluating anti-inflammatory
activity. The animals were kept under controlled conditions with a temperature of 20 £ 2°C, humidity at 50 +
5%, and a 12-hour light and dark cycle. Prior to the experiment, the rats were fasted for 24 hours with free
access to water.

5.4.2 Acute Toxicity
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To assess the acute toxicity of the hydroethanolic extract of flowering aerial parts of G. grandiflorum,
Wistar albino rats were randomly divided into six groups of five rats each. These rats were observed for
three days (72 hours) following intraperitoneal (i.p.) and oral administration of hydroethanolic extract at
doses of 200, 400, 800, 1200, 1500, and 2000 mg/kg. The study recorded the number of rat deaths during the
experiment and monitored signs of acute toxicity, such as behavioral changes.

5.4.3 Experiment

The dosage of the extract and indomethacin was selected based on a previous study [20], which
demonstrated their effectiveness as anti-inflammatory agents.

The animals were randomly divided into seven groups of six rats each:

e Group I (Negative Control): Received physiological saline (0.9%).

e Group II (Standard Group): Administered 10 mg/kg of Indomethacin intraperitoneally (i.p.).
e  Group III: Administered 200 mg/kg of hydroethanolic extract intraperitoneally.

e Group IV: Administered 400 mg/kg of hydroethanolic extract intraperitoneally.

e Group V (Standard Group): Administered 10 mg/kg of Indomethacin orally.

e Group VI: Administered 200 mg/kg of hydroethanolic extract orally.

e Group VII: Administered 400 mg/kg of hydroethanolic extract orally.

5.4.4 Paw Inflammation Induced by Formalin

In all groups, paw edema was induced by injecting 0.1 mL of 2.5% formalin (freshly prepared from
37% formaldehyde in 0.9% saline) into the right hind paw. One hour prior to formalin injection,
indomethacin (10 mg/kg) and the extract (200 mg/kg and 400 mg/kg) were administered orally, while the
intraperitoneal injection 30 minutes after formalin injection [40]. The left hind paw received a saline injection
to determine the impact of the injection process on paw thickness changes (see Figure 5). This method was
approved by the Ethics committee of the faculty of Pharmacy in Aleppo university (certificate Nr. 13/V.
15/5/2022).

5.4.5 Determination of Edema Formation

The increase in paw thickness was measured using a vernier caliper at different time points,
including before (0 h) and after formalin injection and drug administration (1, 2, 3, and 4 h) [41].

To calculate the percentage of swelling, the following formula was employed [42]:
Swelling% = [(V - Vi) / Vi] x 100
Where:
V represents the paw thickness after formalin injection.
Vi represents the paw thickness before formalin injection.
Additionally, the percentage inhibition of edema was determined using the following formula:
Inhibition of Edema% = [(Vc- V1) / Vc] x 100
Where:
Vc represents the paw thickness of the negative control group.
Vr represents the paw thickness of the treatment group.
5.5. Statistical analysis

The data were expressed as the mean * SD (standard deviation). Statistical analysis was carried out
using SPSS 26. The values were subjected to analysis of variance (one-way ANOVA), and post hoc Tukey
tests were employed for multiple comparisons. In addition, an independent samples T-test was performed
when applicable. A significance level of p < 0.05 was considered statistically significant.

https://doi.org/10.12991/jrespharm.1766199
J Res Pharm 2025; 29(5): 2035-2044

2042


https://doi.org/10.12991/jrespharm.1766199

Al-Sheikh et al. Journal of Research in Pharmacy
Total alkaloids and anti-inflammatory activity of Glaucium grandiflorum Research Article

Author contributions: Concept - N.A,, TH., AL, AM,; Design - N.A,, TH., AL, AM.; Supervision - N.A., TH., AL,
AM.; Resources - N.A,, TH.,, AL, AM.;, Materials - T.H., AL, AM.; Data Collection and/or Processing - N.A,;
Analysis and/or Interpretation - N.A., T.H., A.I, AM.; Literature Search - N.A.; Writing - N.A_; Critical Reviews -
N.A, TH, AL, AM.

Conflict of interest statement: The authors declared no conflict of interest.

REFERENCES

11
[2]
31

[4]
[51

[6]
[71
(8]

9]

[10]

[11]
[12]
[13]
[14]

[15]

[16]
[17]
[18]
[19]

[20]

[21]

[22]

[23]

Chen L, Deng H, Cui H, Fang ], Zuo Z, Deng ], Li Y, Wang X, Zhao L. Inflammatory responses and inflammation-
associated diseases in organs. Oncotarget. 2018; 9(6): 7204-7218 .https:/ /doi.org/10.18632%2Foncotarget.23208
Punchard NA, Whelan CJ, Adcock I The Journal of Inflammation. ] Inflamm (Lond). 2004;1(1):1.
https:/ /doi.org/10.1186/1476-9255-1-1

Dzoyem JP, McGaw L ], Kuete V, Bakowsky U. Anti-inflammatory and Anti-nociceptive Activities of African
Medicinal Spices and Vegetables (CHAPTER 9). Medicinal Spices and Vegetables from Africa. 2017;239-270,
https:/ /doi.org/10.1016/B978-0-12-809286-6.00009-1

Sherwood ER, Toliver-Kinsky T. Mechanisms of the inflammatory response. Best Pract Res Clin Anaesthesiol.
2004;18(3):385-405.  https:/ /doi.org/10.1016/j.bpa.2003.12.002

Patil KR, Mahajan UB, Unger BS, Goyal SN, Belemkar S, Surana SJ, Ojha S, Patil CR. Animal models of
inflammation for screening of anti-inflammatory drugs: implications for the discovery and development of
phytopharmaceuticals. Int ] Mol Sci. 2019; 20(18):4367. https:/ /doi.org/10.3390%2Fijms20184367

Nunes CdR, Arantes MB, Pereira SM, Cruz LL, Passos MS, MoraesLP, Vieira IJC, Oliveira DB. Plants as sources of
anti-inflammatory agents. Molecules. 2020; 25: 3726. https:/ /doi.org/10.3390%2Fmolecules25163726

Oguntibeju OO. Medicinal plants with anti-inflammatory activities from selected countries and regions of Africa. |
Inflamm Res. 2018; 11: 307-317. https:/ /doi.org/10.2147 /JIR.S167789

Muzamil A, Tahir H, Ali S, Liaqat I, Ali A, Summer M. Inflammatory process and role of cytokines in
inflammation: An overview. Punjab Univ J Zool. 2021; 36(2): 237-252.
https:/ /dx.doi.org/10.17582 /journal.pujz/2021.36.2.237.252

Tavakkoli Z, Assadi M. A taxonomic revision of the genus Glaucium (Papaveraceae) in Iran, Survey to the genus
Glaucium in Iran. Acta Bot Croat. 2019; 78(1). https:/ /doi.org/10.2478 / botcro-2019-0003

Kilic FM, Yild K, Bat MB, Kilic M, Biiyiik I. Morphological, palynological and phylogenetic relationships of
Glaucium  Mill.  in  Turkey. Bangladesh ]  Plant  Taxon. 2019;  26(2): 259-268.
http:/ /dx.doi.org/10.3329/bjpt.v26i2.44585

Semnani KM, Saeedi M, Mahdavi MR. Antibacterial Studies on extracts of three species of Glaucium from Iran.
Pharm Biol. 2005; 43(3): 234-236. https:/ /doi.org/10.1080/13880200590928816

Semnani K M, Saeedi M, Hamidian M. Anti-inflammatory and analgesic activity of the topical preparation of
Glaucium grandiflorum. Fitoterapia. 2004; 75: 123-129. https://doi.org/10.1016/j.fitote.2003.12.007

Dehkordi NE, Shafaroodi H, Asgarpanah J. Anticonvulsant activity of Glaucium vitellinum Boiss & Buhse. Bio Sci
Bio Technol Res Asia. 2014; 11(2): 727-731. https:/ /doi.org/10.13005/bbra/1328.

Akaberi T, Shourgashtib K, Emami SA, Akaberi M. Phytochemistry and pharmacology of alkaloids from Glaucium
spp. _Phytochemistry. 2021; 191:112923. https:/ /doi.org/10.1016/j.phytochem.2021.112923

Ozsoy N, Ozden TY, Sagirli PA, Sahin H, Sar1 A. Antioxidant, Anti-acetylcholinesterase, anti-inflammatory and
DNA protection activities of Glaucium grandiflorum var. grandiflorum. Iran ] Pharm Res. 2018; 17(2): 677-684.
https:/ /doi.org/10.22037 /ijpr.2018.2195

Sariyar G, Unsal C. Alkaloids From Glaucium Grandiflorum Var.Grandiflorum. ] Fac Pharm Istanbul Univ. 1998;
32:55-58.

Gozler T. Alkaloids of Turkish Glaucium Species.I. Alkaloids of Glaucium grandiflorum var. torquatum. J Med Plant
Res. 1982; 46: 179-180. https:/ /doi.org/10.1055/s-2007-971209

El-Afifi F, Al-Eisawi D, Al-Khalil S, Schiff PL. Alkaloids Of Glaucium Grandiflorum. ] Nat Prod. 1986; 49(6).
https:/ /doi.org/10.1021 /np50048a055

Hadjiakhoondi F, Ostad SN, Khanavi M, Hadjiakhoondi A, Farahanikia B, Salarytabar A. Cytotoxicity of two
species of Glaucium from Iran. ] Med Plants. 2013; 12(45):85-92.

Semnani KM, Saeedi M, Hamidian M, Vafamehr H, Dehpoura R. Anti-inflammatory, analgesic activity and acute
toxicity of Glaucium grandiflorum extract. ] Ethnopharmacol. 2002; 80: 181-186. https://doi.org/10.1016/s0378-
8741(02)00027-2

Liu W, Yin D, Li N, Hou X, Wang D, Li D, Liu J. Influence of environmental factors on the active substance
production and antioxidant activity in Potentilla fruticosa L. and its quality assessment. Sci Rep. 2016;6:28591.
https:/ /doi.org/10.1038 / srep28591

Damas J, Liégeois JF. The inflammatory reaction induced by formalin in the rat paw. Naunyn-Schmiedeberg’s Arch
Pharmacol. 1999; 359: 220-227. https://doi.org/10.1007/p100005345

Coderre T, Abbott FV, Sawynok J]. Formalin Test. In: Encyclopedia of pain. Springer-Verlag, Berlin, Heidelberg,
2007.

https://doi.org/10.12991/jrespharm.1766199
J Res Pharm 2025; 29(5): 2035-2044

2043


https://doi.org/10.12991/jrespharm.1766199
https://doi.org/10.18632%2Foncotarget.23208
https://doi.org/10.1186/1476-9255-1-1
https://doi.org/10.1016/B978-0-12-809286-6.00009-1
https://doi.org/10.1016/j.bpa.2003.12.002
https://doi.org/10.3390%2Fijms20184367
https://doi.org/10.3390%2Fmolecules25163726
https://doi.org/10.2147/JIR.S167789
https://dx.doi.org/10.17582/journal.pujz/2021.36.2.237.252
https://doi.org/10.2478/botcro-2019-0003
http://dx.doi.org/10.3329/bjpt.v26i2.44585
https://doi.org/10.1080/13880200590928816
https://doi.org/10.1016/j.fitote.2003.12.007
https://doi.org/10.13005/bbra/1328.
https://doi.org/10.1016/j.phytochem.2021.112923
https://doi.org/10.22037/ijpr.2018.2195
https://doi.org/10.1055/s-2007-971209
https://doi.org/10.1021/np50048a055
https://doi.org/10.1016/s0378-8741(02)00027-2
https://doi.org/10.1016/s0378-8741(02)00027-2
https://doi.org/10.1038/srep28591
https://doi.org/10.1007/pl00005345

Al-Sheikh et al. Journal of Research in Pharmacy
Total alkaloids and anti-inflammatory activity of Glaucium grandiflorum Research Article

[24]

[25]

[26]

[27]
[28]
[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]
[38]

[39]

[40]

[41]

[42]

Liua JY, Leeb KF, Szea CW, Tong Y, Tange SCW, Ngd TB, Zhanga YB. Intestinal absorption and bioavailability of
traditional Chinese medicines: a review of recent experimental progress and implication for quality control. J
Pharm Pharmacol. 2013; 65: 621-633. https://doi.org/10.1111/j.2042-7158.2012.01608.x

Alsheikh NA, Harami T, Ibrahim A, Manee A. Morphological, anatomical study and phytochemical screening of
Glaucium grandiflorum wildly grown in Syria. Res ] Aleppo University- Med Sci. 2023; 173: accepted on 5/2/2023.

Alsheikh NA, Harami T, Ibrahim A, Manee A. Determination of total phenolic and total flavonoid content of
Glaucium grandiflorum and evaluation of antioxidant activity in vitro. Res ] Aleppo University- Med Sci. 2023; 173: (-
accepted on 2/2/2023.

Pérez DLA, Lépez NL, Grijalva EpG, Heredia JB. Phenolic compounds: Natural alternative in inflammation
treatment. A Review. Cogent Food & Agric. 2016; 2(1): 1131412. https://doi.org/10.1080/23311932.2015.1131412
Serafini M, Peluso I, Raguzzini A. Flavonoids as anti-inflammatory agent. Proceedings of the Nutrition Society.
2010; 69: 273-278. https:/ /doi.org/10.1017/5002966511000162x

Maleki S], Crespo JF, Cabanillas B. Anti-inflammatory effects of flavonoids. Food Chem.
2019;299:125124 https:/ /doi.org/10.1016 /j.foodchem.2019.125124

Pinto L, Borrelli F, Ardelli EB, Cristoni A, Capasso F. Anti-inflammatory, analgesic and antipyretic effects of
glaucine in rats and mice. Pharm Pharmacol Commun. 1998; 4:502-505. https://doi.org/10.1111/j.2042-
7158.1998.tb00663.x

Li S, Liu X, Chen X, Bi L. Research progress on anti-inflammatory effects and mechanisms of alkaloids from
Chinese medical herbs. Evid-Based Complement Altern Med. 2020;
2020:1303524.https:/ /doi.org/10.1155/2020/1303524

Dong Z, Wang YH, Tang ZS, Li CH, Jiang T, Yang ZH, Zeng ]JG. Exploring the anti-inflammatory effects of
protopine total alkaloids of Macleaya Cordata  (Willd) R.Br. Front Vet Sci. 2022;9:935201.
https:/ /doi.org/10.3389/ fvets.2022.935201

Hassan HS, Sule MI, Musa AM, Musa KY, Abubakar MS, Hassan AS. Anti-Inflammatory activity of crude saponin
extracts from five Nigerian medicinal plants. Afr ] Tradit Complement Altern Med. 2012; 9(2): 250-255.
https:/ /doi.org/10.4314 %2Fajtcam.v9i2.10

Santiago LAM, Neto RNM, Ataide ACS, Fonseca DCSC, Soares EFA, de Sa Sousa JC, Mondego-Oliveira R, Ribeiro
RM, Cartagenes M, Neto L, Carvalho R, de Sousa Cartdgenes MdS, Lima-Neto LG, Carvalho RC, de Sousa EM.
Flavonoids, alkaloids and saponins: Are these plant-derived compounds an alternative to the treatment of
rheumatoid arthritis? A literature review. Clin Phytosci. 2021; 7:58. https:/ /doi.org/10.1186/s40816-021-00291-3
Arafa AM, Mohamed M S, Eldahmy SI. The aerial parts of yellow horn poppy (Glaucium flavum Cr.) growing in
Egypt: Isoquinoline alkaloids and biological activities. ] Pharm Sci Res 2016; 8(5):323-332.

Hamamcioglu B, Kocanci FG, Aslim B. Phytochemical screening and evaluation of neuroprotective, anti-mutagenic
and anti-genotoxic effects of Turkish endemic Glaucium acutidentatum. S Afr ] Bot. 2018; 117:232-239.
https://doi.org/10.1016/].sajb.2018.05.027

Ajiboye B, Ibukun E, Edobor G, Ojo AO, Onikanni S. Qualitative and quantitative analysis of phytochemicals in
Senecio Biafrae leaf. Int ] Inv Pharm Sci. 2013; 1(5):428-432.

Ezeonu CS, Ejikeme CM. Qualitative and quantitative determination of phytochemical contents of indigenous
Nigerian softwoods. New J Sci. 2016; 5601327. http:/ /dx.doi.org/10.1155/2016/5601327.

Ghafoor K, Choi YH, Jeon ] Y, Jo IH. Optimization of ultrasound-assisted extraction of phenolic compounds,
antioxidants, and anthocyanins from grape (Vitis vinifera) seeds.] Agric Food Chem. 2009; 57:4988-4994.
https:/ /doi.org/10.1021/if9001439.

Eltom SEM, Abdellatif AA H, Maswadeh H, Al-Omar MS, Abdel-Hafez AA, Mohammed HA, Agabein EME,
Alqgasoomi I, Alrashidi SA, Sajid MSM, Mobark MA. The anti-inflammatory effect of a y-Lactone isolated from
ostrich oil of Struthio camelus (Ratite) and its formulated nano-emulsion in formalin-induced paw edema.
Molecules. 2021; 26:3701. https:/ /doi.org/10.3390 /molecules26123701

Dutta S, Hossain S, Islam E, Haque U, Parvin S. Assessment of Antioxidant and anti-inflammatory activities of stem
bark  of  Bauhinia  acuminata L. Biomed ] Sci Tech  Res. 2020;  24(5):18519-18527.
http:/ /dx.doi.org/10.26717/BJSTR.2020.24.004101.

Chi S C, Jun HW. Anti-inflammatory activity of ketoprofen gel on carrageenan-induced paw edema in rats. J
Pharm Sci. 1990; 79(11): 974-977. https:/ /doi.org/10.1002/jps.2600791106

https://doi.org/10.12991/jrespharm.1766199
J Res Pharm 2025; 29(5): 2035-2044

2044


https://doi.org/10.12991/jrespharm.1766199
https://doi.org/10.1111/j.2042-7158.2012.01608.x
https://doi.org/10.1080/23311932.2015.1131412
https://doi.org/10.1017/s002966511000162x
https://doi.org/10.1016/j.foodchem.2019.125124
https://doi.org/10.1111/j.2042-7158.1998.tb00663.x
https://doi.org/10.1111/j.2042-7158.1998.tb00663.x
https://doi.org/10.1155/2020/1303524
https://doi.org/10.3389/fvets.2022.935201
https://doi.org/10.4314%2Fajtcam.v9i2.10
https://doi.org/10.1186/s40816-021-00291-3
https://doi.org/10.1016/j.sajb.2018.05.027
http://dx.doi.org/10.1155/2016/5601327
https://doi.org/10.1021/jf9001439
https://doi.org/10.3390/molecules26123701
http://dx.doi.org/10.26717/BJSTR.2020.24.004101
https://doi.org/10.1002/jps.2600791106

