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ABSTRACT: Butterbur root extract offers several health benefits, including anti-
inflammatory and antiallergic activities, and developing a standardized, stable finished
product of butterbur extract is essential to ensure therapeutic efficacy. This study aimed to
present the formulation and manufacturing approach for creating a stable, effective, and
aesthetically appealing softgel formulation of butterbur root extract. Each softgel capsule
contained purple busterbur root extract (50 mg), lecithin (20 mg), soybean oil (185 mg),
and beeswax yellow (10 mg). Stability testing included capsule and fill content weight, cap-
sule rupture time, microbial evaluation, and petasins analysis under both accelerated and
real-time conditions for three product lots. Petasins extracted from butterbur root extract
were analyzed using a validated HPLC method, with percentage recovery ranging from
101.3% to 105.15%. The percent standard deviation for intraday and interday results was
0.29 to 0.31 and 0.39 to 0.79, respectively. This study demonstrated the formulation of
softgel capsules containing busterbur root extract, effective petasins extraction, a validated
method for petasins analysis, and 2-year product stability. It establishes a reliable approach
for petasins analysis and the formulation of a busterbur-based herbal product.

of leukotriene and histamine activity (Blosa et al., 2021;
Schapowal, 2005; Thomet et al., 2002; Thomet and Simon,

The common butterbur (Petasites hybridus L.) is a medicinal
plant belonging to the Asteraceae family, primarily native to
Europe, Southeast Asia, and certain regions of North Africa
(Aydin et al., 2013). I It has been traditionally used to treat a
wide range of medical conditions, including migraine, hyper-
tension, bronchial asthma, and allergic rhinitis (Blosa et al.,
2021; Lipton et al., 2004; Sun-Edelstein and Mauskop, 2009;
Thomet and Simon, 2002).

The active constituents of butterbur are sesquiterpene com-
pounds, namely petasins, which are predominantly found in
the roots. Studies have shown that the anti-inflammatory and
antiallergic activities of petasins are based on the inhibition
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2002). Although Pezasites hybridus extracts selectively inhib-
ited COX-2 and prostaglandin expression in microglial cells,
this effect was not directly correlated with petasin content
(Fiebich et al., 2005). Petasins have also been shown to inhibit
calcium channels, making them effective in the treatment of
hypertension and migraine (Guo et al., 2020; Sheykhzade
et al., 2008; Wang et al., 2010). Furthermore, studies have
demonstrated that petasins possess anti-tumor activities
(Guo et al., 2020), and that butterbur root extract exhibits
anti-cancer effects on breast cancer cell line—while sparing
non-cancerous cells—primarily through the induction of apop-
tosis, necrosis, and oxidative stress (Apostolova et al., 2023).
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A recent review discussed the pharmacology, safety, and clini-
cal efficacy of butterbur in the prevention of migraine attacks
(Borlak et al., 2022).

Since a dietary supplement containing common butterbur
root extract may be beneficial for all the conditions mentioned
above, developing a standardized and stable finished product
of butterbur extract is essential to ensure therapeutic efficacy
(Kim et al., 2019). Therefore, this study aimed to demon-
strate the development process of softgel capsules containing
butterbur root extract, including the formulation and manu-
facturing scheme to produce a stable, effective, and aesthet-
ically appealing softgel dosage form. The study also focused
on evaluating the stability of the finished product—sofigel
capsules containing butterbur—and establishing an analytical
assay method for measuring petasins within these capsules.
A high-performance liquid chromatography (HPLC) assay
method was selected to analyze petasins, the key reference
compounds in the softgel capsules, with stability testing per-
formed under both accelerated and real-time conditions.

2. METHODS
2.1. Purple butterbur root extract

Purple butterbur root extract was purchased from RIA
International, New Jersey, USA. According to the supplier, the
roots were harvested in Germany during late summer to early
autumn, when petasin levels were at their peak, then dried
at temperatures below 40°C and ground to a 40-60 mesh
powder. Extraction was carried out using 80% ethanol at a
plant-to-solvent ratio of 1:10 (w/v), employing ultrasonic-
assisted extraction at 45°C for 3060 min, followed by reflux
extraction at 65°C for 2-3 h. The extract was subsequently
filtered through a 0.45 pm filter and concentrated under
vacuum at 40-50°C using a rotary evaporator. The resulting
extract underwent charcoal filtration to remove pyrrolizidine
alkaloids. After this treatment, the extract was converted into
powder form using spray drying at temperatures below 50°C.
The butterbur extract was then standardized to contain 15%
total petasins through fractionation with ethyl acetate and
water, followed by quantification of petasins (Table 1).

2.2. Formulation, preparation of softgel capsules, and
manufacturing process

The manufacturing and quality control processes of the
butterbur softgel capsules are outlined in Figure 1 and Table 1.
Briefly, the shell material is prepared using gelatin, glycerin,
purified water, titanium dioxide, FD&C Red No. 40, and
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Table 1

Specifications and testing methods for the butterbur root
extract.

Test Parameter Method Specification

Petasin Content HPLC 15% + 0.5%
Pyrrolizidine Alkaloids HPLC-MS <0.1 ppm

Moisture Content Karl Fischer <5%

Microbial Limits Total Plate Count <10?CFUJg

Heavy Metals (Pb, Cd, ICP-MS Below regulatory limits
Hg, As)

Shelf-Life Stability 40°C, 75% RH No major degradation over

6 months

CFU = colony forming unit; g = gram; HPLC = high-performance liquid
chromatography; HPLC-MS= high-performance liquid chromatography-mass
spectrometry; ICP-MS= inductively coupled plasma mass spectrometry; RH =
relative humidity; ppm = part per million.

FD&C Yellow No. 6. The mixture is heated and stirred until
fully dissolved, forming the gelatin solution (Figure 1). Purple
butterbur root extract (50 mg) is combined with soybean olil,
beeswax yellow, and lecithin to create a uniform fill mixture
(Figure 1). The fill material and the gelatin solution are then
combined and stirred thoroughly to ensure even distribution
of the extract and excipients. Next, the gelatin solution is fed
into a rotary die encapsulation machine to form the softgel
shells, while the fill material is simultaneously encapsulated
within the gelatin shells. The filled softgel capsules are sealed
and cut to the desired size and shape. Quality control steps
are conducted on the gelatin mix, during mixing, and after
softgel encapsulation using specified criteria and test meth-
ods, as outlined in Table 2.

2.3. Drying and conditioning

The softgel capsules are dried under controlled tempera-
ture and humidity conditions to achieve the desired moisture
content and hardness. After drying, the capsules are condi-
tioned to ensure uniformity and stability (Figure 1, Table 2).

2.4, Identification of Purple Butterbur Root Extract

The purple butterbur root extract in the finished product
was identified from the content of no less than 10 capsules
using thin layer chromatography (TLC) with a 0.50-mm
layer of chromatographic silica gel mixcture. Following
extraction by heating under reflux for 20 minutes with about
40 ml of light petroleum on a water bath, the filtrate was con-
centrated to approximately 1 ml. A volume of 20 pL of both
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Figure 1. Manufacturing process of butterbur softgel capsules. Quality control (QC) steps were performed as outlined in Table 1.

the standard and sample solutions was applied to the TLC
plate, with chloroform used as the mobile phase. The plates
were sprayed with a mixture of 0.5 ml anisaldehyde and 10
ml glacial acetic acid, then heated at 120°C for 7-10 minutes.
The plates were examined under UV light at 230 nm. The
sesquiterpenes petasin and isopetasin were detected in the Rf
range of 0.4-0.45 as green-blue fluorescent zones.

2.5. Capsule Weight and fill content weight

Twenty softgel capsules were randomly selected and
weighed, and the average weight was recorded. Weight vari-
ation was calculated according to USP-NF <2091> Weight
Variation of Dietary Supplements. The average fill content
was measured by weighing 10 intact capsules selected at
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Table 2

Quality control parameters for butterbur softgel capsules.
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Manufacturing Stage Tests

Specifications Test Method

Before starting i) Environment control

ii) Cleanliness of the equipment & utensils
Making of the Gelatin Mix i) Gel mass moisture
ii) Gel mass Viscosity
iii) Gel Strength
Making of the Mix Appearance
Moisture Content
Softgel Encapsulation Displacement pump temperature
Sealing Temperature

Humidity

Finished product
(Coated Softgels)

Appearance

Average weight
Average Fill Weight
Weight Variation
Rupture Time

Assay
Each Softgel Contains Claim

Purple Butterbur Root Extract Providing:
Petasins

50 mg

Setting batch number &
expiry date

Batch no. & Exp. date

Packaging Leakage test

Correctness & legibility of Batch no.,
Mfg. date & Exp. date on carton

i) Temperature: NMT 30°C, RH: NMT 50%
ii) Should be clean

i) NMT 5.0%

ii) 2.8 = 4.5 mPas

iii) 150 — 200 bloom

i) Hygrometer

i) Visual inspection
Analytical Method of Finished
Product

Light yellow colored paste.
NMT 2.0%

35°Cz2°C

37°C - 40°C

20% RH

5 minims oval shaped opaque orange colored
softgels containing yellowish green colored paste.

390.00 mg + 10%
270.00 mg + 10%

+ 10% of average weight
NMT 15 min.

NLT 90% & NMT 110%
NLT 15.0% of the labeled amount of the Purple
Butterbur root extract (NLT 7.5mg)

According to running batch Visual inspection

Should be leak proof Leak Test

According to running batch Visual inspection

NLT = Not Less Than; NMT = Not More Than

random; each capsule was then opened, and its contents were
completely recovered using a solvent. The empty shells were
kept at room temperature for 30 minutes to allow the solvent
to evaporate, after which each shell was weighed. The average
shell weight was calculated, and the average fill weight con-
tent was determined by subtracting the average shell weight
from the average capsule weight.

2.6. Rupture time of capsules

The rupture time of softgel capsules was determined
according to USP-NF <2040> Disintegration of Dietary
Supplements. Briefly, each capsule was placed in a dissolu-
tion vessel containing 500 ml of water, and the dissolution
apparatus was run for 15 minutes. Rupture time was recorded
within this 15-minute period.

natural resources for human health

2.7. Microbial testing

The microbial testing applied was according to USP-38

protocol.

2.8. Analytical method of petasins

2.8.1. Analysis

Dry and chopped rhizomes of P hybridus (Freising,
Germany) or samples from the softgel capsules were collected
and processed as follows. Extraction was performed using a
stoichiometric plant-to-solvent ratio of 1:10 (w/v). The mate-
rial was steeped in ethanol at 38°C for 1 hour, and the result-
ing extract was filtered through filter paper and 2 0.2 pm RC
membrane filter at room temperature. The filtrate exhibited a
yellowish color with a characteristic butterbur scent.

Natural Resources for Human Health 2025, 5, 596-605 | 599
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Chromatographic fractionation of the filtrate was carried
out using an HPLC-UV system (Merck-Hitachi HPLC sys-
tem, Tokyo, Japan) equipped with an auto-sampler, binary
pump L-7100, and Diode-Array Detector L-7450, controlled
by LaChrom D-7000 HPLC-System-Manager. Separation
was performed on an Agilent Zorbax Eclipse XDB-C18
reversed-phase column (100 mm x 3.0 mm i.d., 3.5 pm par-
ticle size) using elution solvents of methanol-ammonium
acetate (10 mM aq.) in a 90:10 (v/v) ratio and ammonium
acetate (10 mM aq.)-methanol in a 90:10 (v/v) ratio at pH
7.4 as the organic and aqueous phases, respectively, at a flow
rate of 0.4 mL/min. Chromatograms were recorded at a wave-
length of 230 nm. Fractions were collected using a Pharmacia
LKB Frac-100 auto-fraction sampler (Uppsala, Sweden) at
1-minute intervals. From each fraction, a 15 pL volume was
injected and repeated four times to increase the total amount
of collected drug constituents. Fractions corresponding to a
chromatographic mobile phase volume of 1.6 mL (i.e., 4 x
0.4 mL) were evaporated at room temperature under contin-
uous nitrogen flow. The mobile phase consisted of methanol-
ammonium acetate (10 mM aq.) in a 90:10 (v/v) ratio and
ammonium acetate (10 mM aq.)-methanol in a 90:10 (v/v)
ratio at pH 7.4 as the organic and aqueous phases, respec-
tively. The standard solution was prepared from pure petasin
(98.0%) purchased from TLC Pharmaceutical Standards.

View Article online

The percentage of the labeled amount of petasin in the
capsule was calculated using the following equation:

Concentration of Petasins = % X g x100
7

where

rU  peak area of petasins from the Sample solution

7S peak area of petasins RS from the Standard solution

CS  concentration of petasins RS in the Standard solution
(mg/mL)

CU nominal concentration of petasins in the Sample solu-
tion (mg/mL)

The acceptance criterium was not less than (NLT) 15.0% of
petasin of the labeled amount of purple butterbur root extract.

2.8.2. Validation

Accuracy was determined using five different levels of the
working concentration, with two replicates for each concen-
tration level. The calculated petasin content was compared to
the percent recovery for each preparation against the standard
solution. The percent recovery at each level was required to be
between 90% and 110%.

Precision was determined by repeatability (intraday) pre-
cision and intermediate (interday) precision. Repeatability

Table 3

Description and composition of each softgel capsule.

Color Opaque orange Average fill weight (mg) 270.00
Size 5 minims Average weight (mg) 390.00
Shape Oval Average weight of 10 softgels (g) 3.9

Raw Material Source % OV* Amount/Cap. (mg)  Function Protocol
Active Ingredients Per Cap. (mg)

Purple butterbur root extract 50.00 10 55.0 Active In House
In-Active Ingredients

Beeswax Yellow - 10.00 Stiffening agent USP-38
Lecithin - 20.00 Emulsifying agent USP-38
Soybean Oil - 185.00 Vehicle USP-38
In-Active Shell Ingredients

Titanium Dioxide - 0.24 Opacifying agent USP-38
FD&C Red No. 40 - 0.36 Coloring agent FCC
FD&C Yellow No. 6 0.60 Coloring agent FCC
Gelatin - 76.8 Gelling Agent USP-38
Glycerin - 34.8 Plasticizer USP-38
Purified Water - 7.20 Vehicle USP-38
Total Weight 390.00

* %OV = Percent Overages added.

natural resources for human health
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was evaluated by assaying six determinations at 100% of the
working concentration, using samples from the same batch
of the finished product, and calculating the relative standard
deviation (RSD) for the six results. Intermediate precision
was assessed by comparing the results of repeated assays per-
formed on different days. The % RSD should not exceed 2%.

Linearity was determined using five different solutions
covering a concentration range of 80% to 120%. Each solu-
tion was measured individually, and the results were plotted
against the actual concentrations. The method should exhibit
linearity within the desired range, with a correlation coeffi-

cient (R) of 0.99 or higher.

2.9. Stability

Stability studies on three lots of the finished product
(11908S) were conducted over a 24-month period under real-
time conditions of 30°C + 2 and 65% + 5% RH, and over
a 6-month period under accelerated conditions of 40°C + 2

(A)

View Article online

and 75% + 5% RH. The stability assessments included aver-
age fill weight, weight variation, rupture time, assay of peta-
sins, and microbial testing.

2.10. Data analysis
Data were entered into Microsoft Excel 365 and presented
as mean values. The percent recovery, percent relative stan-
dard deviation, and correlation coefficient with regression
equation were calculated as described in each legend.
3. RESULTS AND DISCUSSION
3.1. Chemical composition of the finished product softgel capsules
Each softgel capsule contains 50 mg of purple butterbur

root extract, lecithin (20 mg), soybean oil (185 mg), and
beeswax yellow (10 mg) as inactive ingredients (Table 3). The
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Figure 2. Chromatogram of petasin in the standard solution (A) and extracted from buzterbur (B), both showing a retention times of
19.75 min.
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Table 4

Percentage recovery of petasins extracted from the softgel capsules.

View Article online

Sample No. Con. Level No. of Preparation Added Petasins (mg/ml) Recovered Petasins (mg/ml) % Recovery*

1. Level 1 1 6.00 6.20 103.0
(80.0%) 2 6.00 6.16

2. Level 2 1 6.75 6.89 101.30
(90.0%) 2 6.75 6.78

3. Level 3 1 7.50 7.78 102.27
(100.0%) 2 7.50 7.56

4. Level 4 1 8.25 8.87 105.15

5. Level 5 1 9.00 9.34 104.83
(120.0%) 2 9.00 9.53

*9%Recovery was calculated from the mean recovered petasins divided by the added petasins multiplied by 100%.

Table 5

Precision analysis of petasin extracted from the softgel capsules.

Analyte Analyst Number of samples analyzed of petasins (7.5 mg/ml) Standard deviation %RSD*

1 2 3 4 5 6

Petasin (mg/ml) Analyst 1 7.56 7.58 7.61 7.60 7.58 7.62 0.02228 0.29

(Day 1) (Intraday) Analyst 2 7.62 7.63 7.59 7.64 7.58 7.62 0.02338 0.31

Petasin (mg/ml) Analyst 1 7.55 7.58 7.70 7.67 7.68 7.66 0.06033 0.79

(Day 2) (Inter day) Analyst 2 7.67 7.68 7.65 7.64 7.62 7.69 0.02639 0.34

RSD = relative standard deviation.

*%RSD was calculated by dividing the standard deviation by the mean of petasins measured by each analyst, multiplied by 100%.

< 10
g y = 1.164x — 0.842 '
£ 9 Re=09994 .
Q =
- £8 .
5SS
2 E7 o
5] L
2 6

5

5 7 9

Added petasin (mg/ml)

Figure 3. Correlation between the measured and added petasin
extracted from the softgel capsules. The relationship linear, with
a correlation coefficient (R?) > 0.99 and a regression equation of
y = 1.164x + 0.842.

shell ingredients consist of gelatin, glycerin, titanium dioxide,
coloring agents, and purified water.

The composition of each capsule was designed to ensure
that the butterbur extract is emulsified in an oil vehicle and that
the product remains stable for a long period of time (Table 3)
(Szuhaj, 2003). Lecithin is known to reduce viscosity and pre-
vent adhesion of sticky products, whereas titanium dioxide in

Inatural resources for human health

the shell protects the capsule ingredients from light-induced
degradation and heat (Blundell et al., 2022; Szuhaj, 2003).
Since sesquiterpenes are the active ingredients in butterbur
extracts and have poor solubility (Disch et al., 2018),
the gelatin shell content with lecithin and a lipophilic vehicle
were used as a drug-dosage form to increase the bioavailability
of sesquiterpenes, ultimately resulting in high dosage accuracy
and uniformity (Damian et al., 2021). Furthermore, adding
glycerin as a plasticizer forms stable thermoreversible gel net-
works and lowers moisture resistance, especially in oil-based

fill formulations (Naharros-Molinero et al., 2023).

3.2. Petasin Assay validation

An HPLC method was developed and validated according
to the definitions of ICH guideline Q2 (R2) (ICH, 2005).
The petasin chromatogram extracted from busterbur was
equivalent to the petasin standard solution with regard to the
retention time of 19.75 min (Figure 2A and B).
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The accuracy of the analytical method for petasin
extracted from the capsules was validated using five differ-
ent working concentrations ranging from 6 to 9 mg/mL,
corresponding to 80% to 120% of the target concentration
of 7.5 mg/mL. The results showed percentage recovery val-
ues between 101.3% and 105.15% (Table 4). Precision was
validated by two different analysts on two separate days,
each performing six runs per day. The intraday and interday
%RSD values ranged from 0.29 to 0.31 and 0.39 to 0.79,
respectively (Table 5). Linearity, based on measurements of
five petasin-containing solutions, yielded a correlation coeffi-
cient (R?) of 0.9994 (Figure 3). These results were all within
acceptable limits.

3.3. Realtime and accelerated stability of the softgel capsules

Stability studies for three lots of the finished product
(11908S) were initiated under real-time conditions of 30°C
+ 2 and 65% + 5% relative humidity, and under accelerated
conditions of 40°C + 2 and 75% + 5% relative humidity
(ICH, 2003). The stability data demonstrated that the softgel
capsules (11908S) remained within specifications through-
out the study under both conditions (Tables 6 and 7). For
instance, the concentration of the active ingredient, petasins,
remained above the NLT' required percentage and within
90% of the initial reported petasin concentration at the end
of both testing periods. Although petasin is known to sponta-
neously transform into isopetasin (Kleeberg-Hartmann et al.,
2021), the HPLC method used in this study measures both
petasins and isopetasin. Notably, both forms exhibit thera-
peutic effects (Kleeberg-Hartmann et al., 2021; Borlak et al,,
2022). While petasins are prone to degradation by oxidation,
hydrolysis, light, and heat, the formulation developed in this
study effectively stabilized the compound, preventing degra-
dation for up to 24 months. Additionally, average fill weight,
capsule weight variation, identification tests, and rupture time
all met the acceptance criteria. Microbial testing for aerobic
bacteria, yeasts, and molds also remained within acceptable
limits. Based on the results of these stability studies, the shelf
life of the product is concluded to be 24 months.

4. CONCLUSION

The present study demonstrated the formulation of soft-
gel capsules containing busterbur, a validated method for the
analysis of petasins—the active sesquiterpene ingredients in
butterbur—and the 2-year stability of the finished product.
This study represents a method of choice for the analysis and
formulation of a butterbur-containing herbal product.
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