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this study was to compare the efficacy of three different protocols for the Accepted: Feb. 03, 2022
extraction of alkaloids from Glaucium corniculatum. This article compares the

Soxhlet and ultrasonif:ation protogol, used iq previous studies, to a mpdiﬁed KEYWORDS

Soxhlet protocol. While the alkaloid amount in the extract was determined by

the spectrophotometric method, the qualitative estimation of the compounds in ~ Alkaloid,

the extract was determined by Gas chromatograph-Mass spectrometer (GC-  Extraction,

MS). The alkaloid amount and diversity in the extract, obtained through the
recommended modified Soxhlet protocol, were higher than that of any extract o
obtained through other protocols. Thus, a new modified alkaloid extraction ~Ultrasonication,
protocol was established, which is better than the other protocol. Soxhlet

Glaucium corniculatum,

1. INTRODUCTION

Plant secondary metabolites have become the focus of many studies due to their therapeutic
effects. For this reason, extraction protocols that allow the extraction of secondary metabolites
have gained importance. One of the most important groups of secondary metabolites is
alkaloids. These are organic compounds containing nitrogen and heterocyclic rings and having
significant pharmacodynamic activity even in very small doses (Hesse, 2002). About 20% of
plant species contain alkaloids, which play a role in defense against herbivores and pathogens.
Archaeological and historical records reveal that alkaloid-containing plants have been used as
empirical drug sources since ancient times (Amirkia & Heinrich, 2014). Alkaloids have a wide
variety of biological effects, including anti-microbial, anti-diabetic, anti-ulcer, anti-viral, anti-
inflammatory, anti-arrhythmic, anti-oxidant, anti-diarrheal , anti-mutagen, hypolipidemic, anti-
tumor and neuroprotective (Cushnie et al., 2014; Chaves et al., 2016; Yu et al., 2005). The
extraction of alkaloids with high yield and variety is of strategic importance due to the foregoing
medicinal properties. The plant selected for this study is G. corniculatum, the subject matter of
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the study, is rich in alkaloid content (Doncheva et al., 2014; Kintsurashvili & Vachnadze, 2000;
Phillipson et al., 1981; Shafiee et al., 1985). Therefore, it is a good source of alkaloids.

Recent advancements in Soxhlet and ultrasonic extractions have increased the interest in the
evaluation and optimization of the extraction of alkaloids. These techniques tend to be accurate
and generally practicable and therefore, can replace the old standard protocols used for the
extraction of alkaloids. Soxhlet method is one of the most widely used methods for the
extraction of total alkaloids. This is mainly because it is very easy to carry out, and a formally
recognized method used for the determination of a wide range of alkaloid content. In the Soxhlet
extraction method, the solvent contacts the soluble sample directly, and the bioactive
compounds in the sample are extracted directly into the solvent (Webster, 2006). Khamtache-
Abderrahim et al. (2016) recommended a Soxhlet protocol for the extraction of alkaloids from
plants (Khamtache-Abderrahim ef al., 2016).

Ultrasonic extraction involves the transfer of bioactive components from a permeable solid
matrix to the solvent through sound energy (Webster, 2006). Recently, innovative extractions,
such as ultrasound extraction, have been shown to be an alternative to conventional procedures
for the extraction of bioactive alkaloids from plants because they are more efficient and faster
than conventional procedures. Moreover, they are more ecologically friendly, and solvents used
therein are less toxic (Desgrouas et al., 2014). Existing studies have concluded that ultrasonic
energy is absolutely beneficial for the extraction of alkaloids from plants, provided that
ultrasound is sufficiently intense and correctly applied (Demaggio & Lott, 1964). Sarikaya et
al. (2014) proposed a protocol based on ultrasonic method for the extraction of alkaloids from
plants by methanolic extraction. Application time, temperature and chemicals affect the
extraction yield and variety both in Soxhlet protocol and ultrasonication protocol (Sarikaya et
al.,2014).

This article compared two protocols, recommended by Khamtache-Abderrahim et al. and
Sarikaya et al. for the extraction of alkaloids, to a modified Soxhlet protocol. After extraction,
the total amount of alkaloids in three protocols was determined using spectroscopic method.
The alkaloid yields of these protocols were also determined. In addition, the alkaloid diversity
of the extracts, obtained by different protocols, was analyzed by GC-MS.

2. MATERIAL and METHODS
2.1. Plant Material

G. corniculatum (L) RUD. subsp. refractum (NAB.) CULLEN was collected from Beypazari
district in the northwest of Ankara on 27.07.2015 by Prof. Dr. Zeki Aytag. The aerial parts of

the plant were dried and powdered. Gazi University herbarium material number of this plant is
ZA10700.

2.2. Total Alkaloid Extraction

Three total alkaloid extraction protocols were evaluated in this study. For protocol A, B and C,
the G. corniculatum was subjected to different extraction protocols.

Protocol A: Extraction by Soxhlet method

15 g of powdered plant samples were separately extracted with 150 mL of methanol solvent
for 4 hours in a Soxhlet apparatus (LabHeat). The solvent was removed in the evaporator
(Heidolph Laborator 4000) at controlled temperature (60-100 °C) and low pressure. The plant
extracts were taken up in 10 mL of hydrochloric acid (HCI) (2.5%) and 150 mL of diethyl ether
((C2H5)20) was added to dissolve the oils in the extracts. The pH of the aqueous acid solution
was adjusted to 8 with ammonium hydroxide (NH4OH). Then 150 mL of dichloromethane
(CH2Cl,) was added. The extracts were dried over magnesium sulphate (MgSO4). The solvent
was evaporated at controlled temperature (60-100 °C) and using a low pressure evaporator
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(Heidolph Laborat 4000) to obtain the crude solids of the total alkaloids. The residue was stored
at + 4 °C for use in experimental studies (Khamtache-Abderrahim et al., 2016).

Protocol B: Extraction by ultrasonication method

1 g of powdered plant samples were separately sonicated for 30 minutes with 10 mL of
methanol solubilizer. The liquid portion was filtered, and the solvent removed at the controlled
temperature (40 °C) and using a low pressure evaporator. The plant extracts were taken up in
10 mL of sulfuric acid (2%) and passed through 3 x 50 mL of (C2Hs)20. It was separated from
the oil in the separation funnel. The pH of the aqueous acid solution was adjusted to 9 with
NH4OH. 3 x 50 mL chloroform was then added. The extract was dried in sodium sulphate and
evaporated in a rotary evaporator under controlled temperature (40 °C) and low pressure. The
residue was stored at + 4 °C for use in experimental studies (Sarikaya et al., 2014).

Protocol C: Recommended modified Soxhlet method

10 g of powdered plant sample was extracted with 150 mL of methanol solvent in a Soxhlet
apparatus (LabHeat) for 8 hours. The solvent was removed at the controlled temperature (40
°C) and using a low pressure evaporator. The plant extracts were taken up in 10 mL of sulfuric
acid (2%) and passed through 3 x 50 mL of (CoHs)20. It was separated from the oil in the
separation funnel. The pH of the aqueous acid solution was adjusted to 9 with NH4OH. 3 x 50
mL chloroform was then added. The chloroform extract was dried in sodium sulphate and
evaporated in a rotary evaporator under controlled temperature (40 °C) and low pressure. The
residue was stored at + 4 °C for use in experimental studies.

Spectroscopic method and GC-MS were used to compare the amount, ratio and variety of
alkaloid obtained by the different protocols.

2.3. Determination of Total Alkaloids Using Spectroscopic Methods

Briefly, bromocresol green (BCGQG) solution was prepared by heating 69.8 mg BCG (Sigma-
Aldrich, Italy) with 3 ml of 2 N NaOH and 5 ml distilled water until completely dissolved and
the solution was diluted to 1000 ml with distilled water. 1 mg of plant extract was dissolved in
1 mL of HCI (pH 2.5). Then, 5 mL of bromocresol green solution (0.04%) and 5 mL of
phosphate buffer (pH 4.7) was added to the extract solution which was transferred to a
separation funnel. The mixture was shaken with 5 mL chloroform. A set of reference standard
solutions of boldine (25 to 250 pg/mL) were prepared. The yellow complex in chloroform was
finally recovered and the absorbance at 470 nm was measured against blank (Novelli et al.,
2014). The experiment was performed in three replicates and 10 parallels (Novelli et al., 2014).

2.4. Gas Chromatograph-Mass Spectrometer (GC-MS) Analysis

Compound analyses were performed by employing GC-MS using Thermo GC -Trace Ultra Ver
2.0 Thermo MS DSQ II (Thermo Fisher Scientific, San Jose, CA, USA) instrument at Ege
University Faculty of Pharmacy Pharmaceutical Sciences Research Centre. The temperature
conditions followed the program: The initial temperature was 100 °C. It was increased from
100 °C to 180 °C at the rate of 15°C per minute. It was increased from 180 °C to 300 °C at the
rate of 5 °C per minute. Then the temperature was held at 300 °C for 10 minutes. The injector
temperature was 250 °C. Helium was used as the carrier gas at a flow rate of 0.8 mL / min. HP-
5 MS column (30 m x 0.25 mm % 0.25 um) was used. The spectra of chromatographic peaks
were investigated using Xcalibur (version 2.07, Thermo Fisher Scientific, San Jose, CA, USA).
Compounds were defined by comparing the mass spectral fragmentation with the standard
reference spectra of the Wiley 7N library database (Kaya et al., 2017).
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2.5. Statistical Analysis

Plant uptake was repeated three times for each sample and the average of the three replications
was calculated. Data were analyzed with the use of SPSS software (version 21.0) using the one-
way ANOVA test. Values are shown as mean + standard deviation (SD). Statistical significance
was taken at a p value <0.01.

3. RESULTS
3.1. Extract and Alkaloid Amount, and Alkaloid Yield

The extract amount from 1 g plant, the alkaloid amount in 1 g extract and the alkaloid yield of
the dry plant are shown in Table 1. According to the results, the highest alkaloid content (153
+ 6 mg alkaloid/g extract) and the highest alkaloid yield (0.765 mg alkaloid/g dry plant) in the
dry plant were obtained through Protocol C. In Protocols A and B, a higher amount of extract
was obtained than Protocol C, although the amount of alkaloid in the extract was lower than the
amount in Protocol C. The extract amount, obtained in Protocol B, was statistically significant
atalevel of 0.01 compared to the extract amount obtained in Protocols A and C ("p <0.01). The
difference between the protocols of total alkaloid extract was also explained statistically. A
statistically significant difference was found between Protocol C and other protocols at the level
0f 0.01 (Fp <0.01) (Table 1).

Table 1. Amount of extract and alkaloid, and the alkaloid yield of G. corniculatum.

Protocols Extract amount Alkaloid amount Alkaloid yield
(mg extract/g plant) (mg alkaloid/g (mg alkaloid/ g

extract) plant)

A 7+1 7142 0.355

B’ 4142 40+4 0.200

c? 540 15346 0.765

*p < 0.01 difference between protocols in terms of the amount of extract
#p <0.01 difference between protocols in terms of the amount of alkaloid

3.2. Alkaloid Diversity

The alkaloid diversity of alkaloid extracts, obtained from G. corniculatum by different
extraction protocols, was determined by GC-MS method. GC-MS chromatograms of the
extracts are shown in Figure 1. Six different peaks were identified in the chromatogram of the
extract in Protocol A but only one of them was alkaloid. The ratio of alkaloids, obtained through
Protocol A, was 7.6%; and non-alkaloid compounds were 92.4% (RT:22.34: 6H-
Dibenzo[a,g]quinolizine, 5,8,13,13a-tetrahydro-2,3,9,10-tetramethoxy-, (i1)- (Tetrahydropalm
atine) (alkaloid), RT:24.72, 30.26 and 31.18: 9-Hexadecenoic acid, eicosyl ester, (Z) (Fatty
acid), RT:34.65 and 35.93: Quercetin 7,3'4'-trimethoxy (flavone)). Twelve different peaks
were identified in GC-MS chromatogram of Extract B, but only two of them were alkaloid
(RT:6.09: Phenol, 2,6-bis(1,1-dimethylethyl)-4-methyl- (CAS) (Phenol), RT:8.07 and 11.10
Trans-2-phenyl-1,3-dioxolane-4-methyl octadec-9,12,15-trienoate (Phenol), RT:11.18 and
18.26: Quercetin 7,3',4'-trimethoxy (flavone), RT:13.52: Isochiapin B (Terpenoid), RT:14.19:
[1,3]Benzodioxolo[5,6-¢][2]benzazecin-14(6H)-one, 5,7,8,15-tetrahydro-3,4-dimethoxy-6-me
thyl- (Allocryptopine) (alkaloid), RT:24.41: 9,12,15-Octadecatrienoic acid, 2,3-bis[(trimethyl
silyl)oxy]propyl ester, (Z,Z,Z)- (fatty acid) RT:26:54: (+)-Canadine (alkaloid), RT:31.56: 9-
Hexadecenoic acid, eicosyl ester, (Z) (Fatty acid), RT: 32.39 and 33.83:
1,1,3,3,5,5,7,7,9,9,11,11-Dodecamethyl-hexasiloxane (Siloxane derivative)) (Nigdelioglu
Dolanbay et al., 2021). The ratio of alkaloid compounds was 77.0%; and non-alkaloid
compounds were 23%. Three alkaloid peaks were identified in the chromatogram of the extract
obtained by the modified Soxhlet protocol. The ratio of alkaloids in Protocol C was 100%
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(RT:24.45: 6H-Dibenzo[a,g]quinolizine, 5,8,13,13a-tetrahydro-2,3,9,10-tetramethoxy-, (1)- (
Tetrahydropalmatine) (alkaloid), RT: 26.58: Tetrahydroberberine N-oxide (Canadine) (alkaloi
d), RT: 26.88: [1,3]Benzodioxolo[5,6-¢][2]benzazecin-14(6H)-one, 5,7,8,15-tetrahydro-3,4-di
methoxy-6-methyl- (Allocryptopine) (alkaloid)).

Figure 1. GC-MS chromatograms of total alkaloid extracts obtained from G. corniculatum by Soxhlet
(A), ultrasonication (B), and recommended modified Soxhlet (C) protocols (Nigdelioglu Dolanbay et

al., 2021).
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4. DISCUSSION and CONCLUSION

Isolation and purification of alkaloids are crucial for medical and chemical studies due to their
bioactivity. This emphasizes the importance of protocols for alkaloid extraction from plants. In
this study, total alkaloid extracts were obtained from three different protocols (preceding
Soxhlet (A) and ultrasound (B) protocol and recommended modified Soxhlet protocol (C)) from
G. corniculatum, a member of the Papaveraceae family. The alkaloid amount, purity and
diversity in the extracts obtained were compared.

The Papaveraceae family is distinguished by the richness of their alkaloid contents
(Almousawi & Alwan, 2017). It has been shown in the literature that about 165 Papaveraceae
species contain alkaloids (Preininger, 1985; Yu et al., 2014), and G. corniculatum is one of
these species. More than 20 alkaloids have been identified from G. corniculatum extracts
prepared with various solvents (Shafiee et al., 1985; Slavik & Santavy, 1972). Accordingly, G.
corniculatum is a good source for total alkaloid extraction.

The main factors affecting the extraction efficiency and the amount and variety of bioactive
compounds in the extract were the extraction protocol, duration, temperature and chemicals
used. In the modified Soxhlet protocol, the plant was extracted in the Soxhlet apparatus for 8
hours and diethyl ether administration was carried out in three steps for greater separation of
the oils, unlike Protocol A. In addition, increasing the amount of acid in the extraction process
helped the alkaloid to decompose highly from other compounds. In the protocol, chloroform
was preferred as organic solvent instead of dichloromethane (Kutchan, 1995). Thus, alkaloids
in base form were obtained in a purer form. In the Soxhlet method, it was reported that the
components passed to the solvent better than the ultrasonication method (Schmeck &
Wenclawiak, 2005). The most obvious advantage of using the Soxhlet method is that the sample
phase repeatedly comes into contact with a new part of the solvent, thereby allowing the
components to separate from the plant (Luque de Castro & Garcia-Ayuso, 1998). Our study
also supported this data.

In Protocols A and B, higher amounts of extract were obtained compared to Protocol C;
however, the alkaloid amount in the extract was lower than the amount obtained in Protocol C.
This may be due to the fact that the amount of the extracts is higher than the amount in Protocol
C because of the presence of other non-alkaloids in Protocols A and B. This may be associated
with the presence of purer alkaloids with more variety in Protocol C.

Various methods with different sensitivities, such as gravimetric, titrimetric and
spectrophotometric, have been developed for the determination of alkaloids in plant materials.
However, gravimetric and titrimetric methods lack sufficient sensitivity. On the other hand,
spectrophotometric determination of total alkaloids by bromocresol green is a simple and
sensitive method and does not require any special equipment (Novelli et al., 2014). The highest
amount of alkaloids were determined in 1 g extract and 1 g plant in Protocol C according to our
data obtained by spectrophotometric analysis (153 + 6 mg/g extract and 0.765 mg/g dry plant,
respectively), and the total amount of alkaloids in 1 g dry plant, belonging to the Papaveraceae
family, was found as 0.02-25 mg (Dittbrenner, 2009; Jimoh et al., 2010). According to these
data, the total amount of alkaloids, obtained in Protocol C, was similar to the total amount of
alkaloids obtained from different species in the same family.

Another method for the determination of alkaloids is chromatographic analysis. Since
alkaloids appear in solutions in ionized and combined forms, chromatographic peaks of
alkaloids are difficult to determine and have low system yields (Petruczynik, 2012). GC-MS is
a useful and reproducible technique in eliminating this problem. This technique can be used to
identify and quantify ionized compounds that have a low molecular weight in complex
mixtures. In addition, GC-MS provides fast and reliable identification of compounds since
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spectra of compounds can be compared to library data (Jarnberg et al., 1994; Villas-Boas et al.,
2005). Alkaloid content and diversity of extracts were determined by GC-MS method for the
above reason.

A good alkaloid extraction protocol should not only give high alkaloid content, but also high
alkaloid diversity. The number of alkaloids identified in these three different protocols and their
ratios in the extract were different in qualitative GC-MS analyses. Only one alkaloid (7.6%)
was identified in the extract that is obtained in Protocol A, while two (92.4%) alkaloids were
identified in the extract obtained in Protocol B. Non-alkaloid compounds were identified in
both the extracts. The extract that is obtained by the modified Soxhlet protocol (C), had no
peaks other than three alkaloid peaks. These results proved that high purity and variety of
alkaloids can be obtained using Protocol C, the recommended extraction method. For this
reason, Protocol C is a recommended method for alkaloid extraction from plants due to high
extraction amount and advantages of a wide variety of alkaloids.

The study confirms that the proposed modified Soxhlet protocol is more efficient than previous
Soxhlet and ultrasonication protocols for the extraction of alkaloids. This protocol is
advantageous because it allows for obtaining greater amounts of extract, more diverse and purer
alkaloids compared to other methods.
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