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ABSTRACT

A novel reverse phase high performance liquid clatmgraphic method with photodiode detection wastigmed
and validated to qualitatively and quantitativelyadyze the extracts and products of Allamanda aiteflowers.
The gradient method was carried out with a C18 ewolwsing acetonitrile and acidified water as thebiteophase,
at a flow rate of 1.0 mL mihand a total time of 25 min. Plumieride, an iridoidscoside present in Allamanda
species, was used as a marker in the method validaFour flavonoids also were identified and quted.
Plumieride was detected at 230 nm at a retentime tof 9.58 min. Flavonoids peaks were detecte&mn® and at
10 to 13 min. Samples of extract and nanoemulsiogr® analyzed. The method was shown to be singdg, f
selective, precise and accurate for A. cathartioavér extracts and nanoemulsions. This method shbeluseful
for the pharmaceutical and cosmetic industry in #émalysis of phytoderivatives and products froncéthartica
flowers and may be further adapted to other prosecintaining herbal drug derivatives.
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INTRODUCTION

Allamanda catharticd_. (Apocynaceae) is one of the most studied speaig¢heAllamandagenus. This species is
popularly known as Alamanda big flower or thimtaely [1] and often it is found in tropical and suipiical regions
as an ornamental shrub in gardens [2]. Studies Ivalieated the potential anti-inflammatory and axidlant
properties of Alamanda flower extracts [3,4].Inditeonal medicine, an infusion of the bark and kesis used as a
purgative [3]. The leaf extract has displayed arftammatory and healing activities [5].

Phytochemical studies of flowers have reportedisiodation of iridoid plumieride, flavonoids such astin and
sugars [3,6,7]. Iridoids are secondary metabolitéh potential therapeutic applications [8,9]. Plande is the
major compound of the extracts from flowers Af cathartica with potential anti-inflammatory and anti-
hypernociceptive activities in models of neuropatand inflammatory pain [10]. It has been isolatexin the
generaAllamanda[6,11], Himatanthu§s,12], Morinda[13]and Plumerig14]. Although plumieride has been studied
phytochemically and biologically, only one analglicmethod has been performed on this compound én th
Himatanthusspecies; however, the validation was notdescriksgd[

Flavonoids present in the flowers of different sps®f Allamanda were determined in study of Bomoret al. [7].
Rutin was identified and used as marker in the HPIIA analytical method with retention time of 290 [7].
Therefore, this study describes the developmentvafidation of a novel analytical method by HPLC{P for the
analysis of derivative products from the flowersAofcatharticafor cosmetic and pharmaceutical applications. The
finger print was used for qualitative analysis hanieride and flavonoids were quantified. Analgtiocnethod was
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validated using plumieride as marker due it is ajonity and pharmacological active compound of the
hydroethanolic extract [8,9].

EXPERIMENTAL SECTION

2.1. Reagents and standards

Castor ethoxylate oil (Alke8tCSO 400 — Oxiteno, Brazil) was kindly provided Bsenntag (S&o Paulo, Brazil),
and sorbitan monooleate and triglycerides of cappdpric acid (Polymdl, KLK) were purchased from the Biotec
(S&o Paulo, Brazil).Rutin was purchased from Sigxuaich® (S&o Paulo, Brazil).HPLC grade acetonitrile was
purchased from Tedia (Fairfield, Ohio, USA). Allhet chemicals were of analytical grade. Water wasfipd
using a Milli-Q system (Millipore, MassachusettsSA). All solutions were filtered through a 0.45 \mnembrane
(Millipore, Massachusetts, USA).

Plumieride was isolated fromllamanda catharticaextract by chromatography. The purity of the commbwas
assessed by HPLC and NMR analysis. The plumieridsemted a purity of > 98% (data non-published).

2.2.Herbal products

Flowers of native specimens obtained from the \&iyet propagation of authentfe. catharticawere collected in
Barra Velha city (Santa Catarina, Brazil) in Mar8h2 and identified by Prof. René Artur Ferreiravéucher
specimen was deposited at the Barbosa RodrigudmaHiem (ltajai-SC, Brazil) under number HBR 52742.

The flower hydroethanolic extracts were preparedysyamic maceration with ethanol-water 90:10 (vat)a plant:
solvent ratio of 10% (w/v), which was stirred fax Bours at 300 rpm and then filtered. The extractolution was
concentrated to approximately 20% of dry residodt @xtract)in a bath at 45°C.

The soft extract 1% (w/w)-loaded nanoemulsion wespared by the phase inversion method using caskor
ethoxylate, sorbitan monooleate, triglycerides aprglic/capric acid and water. The water was adaethe olil
phase (surfactant, oil and soft extract) at 85 A@ @00 rpm. After cooling, the nanoemulsion wasestan plastic
vials.

2.3. HPLC analysis

A Shimadzu LC-20AT LC system (Shimadzu, Tokyo, dgp&as used, consisting of a binary pump, photaelio
array detector and column oven. The injections (PP were carried out on a Phenomenex (Torrance f@@aia,
USA) Luna C18 Jum (250 x 4.6 mm) RP column.

For method development, different gradient condgiavere tried using acetonitrile (ACN)-water (pH 2t 3.5,
phosphoric acid or acetic acid) and a flow rat@.6fto 1.0 mL mift. The analyses were monitored at 230 and 355
nm to analyze plumieride and flavonoids, respebtivEhe method with the best results was of thecattile(A)

and acidified water (pH 3.5, acetic acid) (B)gratlimethod: 15:85 (A:B, v/v) in 0 min; 30:70 in 10rm15:85 in

20 min and 15:85 in 25 min; at constant flow of kD min* and a column temperature of30°C.

2.4. Method validation for the extract assay

At least six individual injections of a standardipieride solution (100 pg mi, methanol)were performed before
all measurements to assess the suitability paraspételuding the theoretical plates, tailing facémd repeatability
of the peak area.

The method was validated according to the ICH diride [15]. To determine the linear relationshipvieen peak
area and concentration of plumieride, solutionshwibncentration at the range of 10.0-100A¢ mL™* were
analyzed. The linearity of plumieride present ia txtract was verified with low, medium and higmcentration
(250, 500 and 1000g mL™), with a theoretical plumieride concentration 6f 800 and 20Qig mL™. The linearity
equations were calculated by linear regressioryaisalising Excé5.0 software.

The LOD and LOQ were calculated based on the stdrdizviation of the-intercepts of regression lines. The data
were evaluated using analysis of variance (ANOWA)(.05).

Repeatability (intra-day) and intermediate precis{oter-day) were determined through analysishaf extract
sample at 250, 500 and &) mL™. The samples were analyzed in sex tuplicate aad4RSD (relative standard
deviation) was determined.

The accuracy of the method was measured throughrthlyte recovery test [15]. Standard concentratminabout
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50, 100 and 150y mL* for plumieride were added to diluted matrix saragextract solution at 50 pg M)

The robustness of the method was evaluated by aignlge mobile phase flow, oven temperature andopH
acidified water using extract solution at 50§ mL* and plumieride solution at 10§ mL*. The data were
evaluated using single factor ANOV A< 0.05).

2.5. Method validation for the extract-loaded namodsion

The 1%A. catharticaextract-loaded nanoemulsion solution (0.1 g*mas prepared using methanol and sonication
during 60 min. After filtration, the sample wasuiéd 1:1 in the mobile phase for obtain a $@0mL™ extract
solution.

In the selectivity determination, the interfererméeemulsion excipients was verified at 230 nm aB8 8m using a
PDA detector with a 0.1 g niLsolution of the nanoemulsion without extract. Tamcuracy was analyzed by
extraction of the nanoemulsion (1 g) added to Ylag), 10 mg (medium) and 15 mg (high) of the estraith 10
mL of methanol. The method precision was evaluégdanoemulsion sample preparation in sex tuplicBte
repeatability (intra-day) and intermediate precidimter-day) were determined.

RESULTS AND DISCUSSION

An analytical method was developed for the quaditygl quantity control of products derived from flowef A.
cathartica Phytochemical studies in our group have shown $kaondary metabolites of medicinal interest are
present in flowers, such as iridoid plumieride #agonoids, in addition to sugars (non-publishethjlarhe method
developed provided a chromatographic profile with $eparation of interesting compounds, allowirggdhalitative
analysis of extracts (liquid and soft) (Figure Ydormulations containing these extracts (Figure 3)
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Figure 1 — Chromatographic profile by HPLC method d plumieride (1), rutin (3) and A. cathartica extract at 230 nm (2) and 355 nm (4)

To establish the method, different gradients wittNAand acidified water were tested. The best chtognaphic
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profile was obtained with the gradient ACN and &id water (pH 3.5, acetic acid), 1.0 mL rijat 30°C, on a
reversed phase column, with detection at 230 asdnd for plumieride and flavonoids, respectiveljieTmethod
was relatively fast (25 min) for a crude hydroethlanextract from an herbal source. As shown inuFégl, the
retention times for plumieride, flavonoids F1, Fati), F3 and F4 were approximately 9.58, 10.5852, 12.32
and 12.51 min, respectively. In 355 nm chromatolgiaprofile, the peaks P1 and P2 were not consitibezause
have not flavonoid UV profile (Figure 2).
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Figure 2 —UV profile of phenolic peaks present in RLC profile of Allamanda cathartica extract

The area of flavonoids F1 to F4 was quantified dnedconcentration of total flavonoids in the extraas expressed
as rutin. As shown in Table 1, the extract conthi@d.15 + 0.60% plumieride, 0.59 + 0.2% rutin anéd8l+
0.06%total flavonoids expressed as rutin. Theselteeshow that plumieride was the major compoundhie
hydroethanolic extract fromA. catharticaflowers. Plumieride, which isa compound with knopimarmacological
effect [9], was chosen as marker for validationtleé analytical method. The extract, analyzed atedift
concentrations,showeda similar content of compouridl an RSD value less than 5%.

The method showed relatively satisfactory sepamatfocompounds. Plumieride showed greater absaptv 230
nm than at 355 nm; therefore, 230 nm was choserpliomieride analysis. The suitability of the methads
indicated by the chromatographic parameters reativthe marker peaks: tailing factor 1.08 (<1tBporetical
plates of about 20789751 (RSD 1.60%) and good systpeatability 2.84% (area of plumieride 100 pg’miith
RSD% < 3.0) for the six replicates injected daityaking it a suitable method for the quality contodlflower
extracts ofA. cathartica.

Table 1- Results of analyz@. cathartica extract by HPLC-DAD method

Extract PMD  PMD | RUT  RUT TF TF
(g mLY  (ug/mL) % (wiw) | (Mg mLY) % (wiw) | (ug mLY) % (wiw)
250 540 2162  1.408 0.56 2.964 1.16
500 1060 2115  2.988 0.59 6.423 1.28
1000 2040 2043  5.986 059 12984  1.30
Average 21.15 0.59 1.28
SRD 2.82 3.37 4.78

Note: PMD — plumieride; RUT — rutin; TF — total flanoids expresses in rutin.

The method was linear in the range of 10-750 59@L", with a coefficient of determination’frgreater than 0.99.
The average of the three curves resulted in that@quy= 26368x-58577 {0.999).

The standard error of the regression was 6.626Fhgaedvas 36,044.06 and thevalue was 0.161. The linearity
of the analytical method was statistically sigrafi¢, i.e., Bica (4,309.10”)< Facuaed The value of the line
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intersecting the y axis was -1.018 to 95% lower &2 to 95%higher, showing that the regressioa passes
through the origin. The linearity of plumieride peait in the extract was verified at the concemtratiof 250, 500
and 1000pg mL*, with a theoretical plumieride concentration of, 500 and 200ug mL*. The practical
concentration of plumieride was compared with fhedrity results and it was observed that the datalapped.
The equation of the linear regression was y = 283688877 (&> 0.99).

The sensitivity of the method for the compound eagressed as the slope of the analytical curvepgndOQ and
LOD values of 1.238 and 0.369 g hlrespectively.

The method showed good inter- and intra-day repribdlity. The RSD for plumieride solution on thensa day
(repeatability) or on different days (intermedigrecision) was less than 2% at all three conceoirsitevaluated
(Table 2).

Table 2. Validation results for intra- and inter-day precision of plumieride solution (n=6)

Spiked concentration dav 1 Intra-day dav 2 Inter-day
(ug mL™) & &
Average area RSD% | Average area RSD% | RSD%
150 3641653 0.58 3730246 0.47 1.70
105 2610647 1.33 2622364 0.74 0.32
50 1261498 0.95 1255806 0.96 0.32

The accuracy of the method was assessed througindtgte recovery test [15]. As shown in Tableh®&, tecovery
was nearly 100% for the high and medium conceoinati(150 and 10fig mL™") and 113% for the 5Qg mL™

solution. The RSD value was less than 5% for aticemtrations, showing that the method has adeqeatyery
and accuracy.

Table 3. Percentage of recovery to evaluate the agacy of the method

Spiked concentration of plumieride Found Average Recovery RSD
(ug mL™) (ug mL™Y) (%) (%)
50 56.63 (3.15) 113.27 3.15
100 100.63 (0.65) 100.63 4.89
150 153.07 (0.18) 102.05 0.18

The robustness of the method was analyzed by smdlbeliberate variations in the pH value of theemgys phase
(3.4, 3.5 and 3.6), oven temperature (28, 30 ali€3and mobile phase flow rate (0.8, 1.0 and 1.28mn™), as
shown in Table 4. The robustness was estimatedjubim overall mean, standard deviation and %RSDeémh
variable. Although the calculatdeivalue was higher than the critidalvalue, the RSD was lower than 5% for the
variables temperature and flow. The method wasrolotist regarding pH changes. The method was foartuket
partially robust for the assay of plumieride preéserextracts ofA. cathartica

Table 4. Chromatographic parameters from robustnesstudies

*Average (RSD %) of Plumieride

Parameters Rt Area molg
pH of aqueous phase
3.4 9.51 (0.01) 2666829 (0.07) 188.76 (0.07)
35 9.48 (0.12) 2409087 (0.57) 158.24 (0.57)
3.6 9.51 (0.08) 2585241 (0.16) 159.08 (0.16)
RSD (%) 0.16 5.16 10.30
Feaic/Ferit 1.99 146.58 596.27
Oven temperature (°C)
28 9.55 (0.05) 2472057 (0.49) 160.45 (0.49)
30 9.48 (0.12) 2409087 (0.57) 158.24 (0.57)
32 9.45 (0.04) 2506234 (0.28) 163.04 (0.28)
RSD (%) 0.55 2.00 1.50
Feaic/Ferit 27.68 11.18 6.23
Flow rate (mL mirt)
0.8 11.55(0.01) 2916973 (0.26) 152.43 (0.26)
1.0 9.48 (0.12) 2409087 (0.57) 158.24 (0.57)
1.2 8.08 (0.06) 2001155 (0.26) 158.22 (0.26)
RSD (%) 18.02 18.79 2.14
Feaic/Feiit 32522.00 1358.47 17.36

Rt-retention timelplumieride assay in the A. cathartica extract. pticate injection.

The nanoemulsion systems containing the soft exiwh®d. catharticd1%) showed a chromatographic profile
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similar to that of the extract at the two waveldisghssessed (230 and 355 nm) (Figure 3). The chognaan of the

formulations with and without the extract showed twtense peaks in approximately 16 min at 230 thiese peaks
were not observed for the pure extract, so theeefoust be related to the nanoemulsion excipientsveider, the

method can be considered selective because thayotlidterfere in the integration peaks used inghantification

of the marker plumieride.
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Figure 3 — Chromatographic profile by HPLC method d plumieride (1), A. cathartica extract (2), nanoemulsion with (3) and without (4)
extract 1% and rutin (5)

The precision of the sample preparation methodHerextract-loaded nanoemulsion was assesseddeatability
(intra-day) and intermediate precision (inter-day)e method showed good repeatability with a% REP.96% on
the first day and 3.96% on the second day (tabl€&)intermediate precision, a %RSD of 4.90% watsiaed, i.e.
the method also showed good inter-day precision.

Table 5. Validation results for intra- and inter-day precision and accuracy of plumieride presents iextract loaded nanoemulsion

Plumieride(%) RSD %
Precision 100 pg mc*
Intra-day
First day 103.84 2.95
Second day 96.88 3.96
Inter-day 100.36 4.90
Accuracy (%)
50 pg mtt 110.82 0.28
100 pg mt? 97.64 0.31
150 pg mr* 101.38 1.96

CONCLUSION

A simple, fast, selective, precise and accurate GBHPIAD method was developed and validated for tisessnent
of plumieride inA.catharticaflower extracts and nanoemulsions containing theaek This may be useful for the
pharmaceutical and cosmetic industry in the anslggiphytoderivatives and products from herbal sesirand that
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may be further adapted to other products contaitfingsame herbal drug derivatives.
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