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ABSTRACT

The Chinese hawthorn, Crataegus pinnatifida,
Rosaceae, is widely used in Traditional Chinese Medicine
(TCM). As there is no Brazilian legislation to carry out the
quality evaluation of this drug, this work aimed to carry
out the quality control of C. pinnatifida capsules (Shan
Zha), sold commercially in Brazil. Due to lack of reference
standard, an extract of the C. pinnatifida fruits (EC) was
prepared. The quality control of the fruits presented
adequate botanical analysis of the fruits and presented
macroscopic characteristics in accordance with Chinese
Pharmacopoeia. For the fruits, the sample had no foreign

matter and the total ash content was 0.724 + 0.160%.
The capsules showed adequate dose uniformity, moisture
content of 14.75 + 0.476%, total ash content of 1.51 %
0.199%. The total flavonoid (TF) percentage was 0.012%
for the dried extract of fruits and 0.005% for the Shan Zha
capsules. This study highlights the importance of carrying
out quality control to ensure the authenticity and quality of
products that fall within the classification of supplements
in Brazilian legislation and guide the dose calculation for
C. pinnatifida products.

Keywords: Thin layer chromatography, phytopharmaceutical
products, total phenolic content.

INTRODUCTION

The adoption of the Traditional Chinese
Medicine (TCM) has increased around the world.
Herbal medicines, acupuncture, massage, and food
therapy are techniques used in TCM to recovery the
health (Wang et al. 2018).

Between the herbal list used in TCM, one
of the most used species in the Asian region is the
Crataegus pinnatifida Bunge, popularly known as
Hawthorn. It belongs to the Rosaceae family, in which
there are around 100 species distributed in North
America, Europe and Asia (China 2015; Dehghani et
al. 2019). The Crataegus species are multi-branched
and thorny shrubs, that reach up to 10m (China
2015). The species are commonly cultivated for their
fruits production and for ornamental uses because
their white flowers (Rigelski and Sweet 2002; Dai et
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al. 2007; Yang et al. 2012).

In China, the part of interest of the Hawthorn
is in the reddish berries (fruits) for therapeutical
application (Chang et al. 2006; Wu et al. 2014)
and as regular food (Degenring et al. 2003). These
fruits are rich in flavonoids, mainly procyanidin B2,
epicatechin, quercetin and catechin. The medicinal
effects reported are anti-inflammatory properties,
inhibition of free radical production and LDL
cholesterol oxidation, and also as a stimulator of
digestion, improving digestive functioning (Liu et al.
2010; Jurikova et al. 2012; Kumar et al. 2012; Wu
et al. 2014; Dehghani at al. 2019).

In some countries, as in Brazil, the TCM
products are not marketed as medicines, but as
health products, supplements, among others (Lin et
al. 2018). In 2014 was launched a Brazilian guide for
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the manufacturing and marketing processes of TCM
products, that do not require registration with the
National Health Surveillance Agency (ANVISA). The
current legislation for quality control of TCM products
has similar requirements as the food supplements
and they are popularly known as nutraceuticals
(Brasil 2014). However, the increasing in the Chinese
herbal products uses as a phytomedicine makes
necessary the establishment of the quality criteria for
the Chinese herbal drug (Wang et al. 2018). Then,
the objective of this work was to evaluate the quality
of the capsules of Shan Zha (C. pinnatifida) sold in
Brazil as food supplement.

MATERIALS AND METHODS

Materials

The reference standards was bought from
United State Pharmacopoea and the specifications
are: hyperoside (Lot RO87NO, China), rutin (Lot:
R054J0, 91.3% purity, China), epicatechin (Lot
F09990, 99.0% purity, China), chlorogenic acid (Lot
R001CO0, 97.3% purity, China), and quercetin (Lot
R120F0, 89.1% purity, China).

C. pinnatifida is commercially available as
an herbal drug (fruits) and capsules. The fruits were
purchased in the city of Hong Kong, China and they
were used for quality control analysis as a reference
standard. The C. pinnatifida capsules (Shan Zha)
were purchased in the Brazilian trade, in March 2019.

Quality control of fruits of C. pinnatifida
and capsules sold in Brazilian market

In order to verify the authenticity of the
capsules content, the organoleptic and macroscopical
analysis was performed. For both analyses no
standard protocol or pharmacopoeia monograph was
found. Then the specifications for the appearance
of C. pinnatifida extract were made by comparison
of capsules sold in Brazilian market and the dried
lyophilized extract of the fruit of C. pinnatifida,
produced by our research group.

For the quality control of the samples, the
determination of foreign material, macroscopic and
microscopic description, specifically, were carried
out for the fruits and specifically the average weight
for the capsules. The determinations of humidity,
total ash and chromatographic profile and total
flavonoids determination were performed for both
samples.

Determination of Foreign Matter of fruits

About 100 g of dried C. pinnatifida fruits
were weighed; the material was spread on a surface
and visually analyzed. The separation of dirt was
conducted, according to Brazilian Pharmacopoeia
6" Ed. (Brasil 2019).
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Macroscopic and microscopic Inspection
of Fruits

The organoleptic characteristics of the plant
material were analyzed. For microscopic analysis,
the desiccated sample went through the process
of comminution and sieving to obtain powder (#35
mesh). Histological slides of the powder were
prepared following general methods for plant
histology, cited in the Brazilian Pharmacopoeia 6*
Ed. (Brasil 2019). This analysis was performed in
an Olympus® CX31 optical microscope coupled
to a Motic® 2300 camera with an image capture
system and the result found was compared with the
description contained in the Chinese Pharmacopoeia
(China 2015).

Preparation of the standard dried extract
from C. pinnatifida fruits (EC)

From the fruits of C. pinnatifida standard
dry extract (EC) was produced. The extract was
prepared using 80% ethanol (w/w) as solvent and
using 1/10 (w/w) of dry extract/solvent proportion.
The extraction method adopted was the turbolysis,
with 15 min of agitation and 5 min rest intervals.
Sequentially, the extract was filtered using filter paper
(Whatman, Sigma-Aldrich®). The liquid extract was
evaporated at 40 °C and reduced by half, using the
Blichi R-200 rotaevaporator. The extract was then
lyophilized using the lyophilizer (Alpha 1-4, Christ).
The dry extract was stored in a freezer at -25 °C.

Determination of and humidity level, total
ashes and chromatographic profile of fruits and
Shan Zha capsules

For the tests humidity level and total ashes,
the samples used were the fruits of C. pinnatifida and
the total content of Shan Zha capsules.

The determination of total ash was performed
according to the gravimetric method described in
Brazilian Pharmacopoeia 6+ Ed. (Brasil 2019), but
the sample weight was modified to 1 g for the fruit
samples and Shan Zha capsules. All analysis were
carried out in triplicate.

For the chromatographic profile, the dried
extract of the fruits and the total content of capsules
were considered. Approximately 1.0 g of each
material were weighed and mixed with 4 ml of
methanol in separate tubes. All mixtures were taken
to ultrasound for 15 min, then filtered on a 0.45 ym
PVDF membrane and transferred to an amber vial,
for later application on the chromatoplate.

Five different standards were used:
hyperoside (1), rutin (2), epicatechin (3), chlorogenic
acid (4), and quercetin (5). The chosen standards were
based on the description by Jurikova et al. (2012).
Standards were prepared separately in methanol,
in the following proportions standard:methanol
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- hyperoside (1:2), rutin (1:2), quercetin (1:5),
chlorogenic acid (1:5), and epicatechin (1:1).

The standards were applied on a
chromatographic plate containing silica gel 60
F254 Merck, using the Automatic TLC Sample 4
(CAMAG), in which a fixed volume of the standards
was 10 pl, and the samples were applied at different
volumes of 5, 10, 20, and 30 pl. At the end of sample
application, the plate was placed in a bipartite
chromatographic chamber (CAMAG), previously
saturated for 30 min, with the aid of 20 ml of mobile
phase on each side of the chamber. The mobile
phase was prepared with ethyl acetate, methyl ethyl
ketone, formic acid, and water (20:12:4:4, v/v). After
the elution of the chromatoplate, for the visualization
of the compounds, two steps were followed. First, a
mixture of diphenylboric acid (1%) in methanol, and
polyethylene glycol (5%) in methanol was sprayed
on the plate and analyzed under UV light at 365 nm.
After that, the same plate was taken to the oven for
five minutes at a temperature of 105 °C and then
again observed under UV light 365 nm, this being
the second observation.

Average weight of capsules

The average weight was only considered
to the capsules, and it was determined according
to the methodology described in the Brazilian
Pharmacopoeia 6" Ed.

Validation method for determination of
total flavonoids

The method was validated for linearity and
precision.

For the evaluation of the linearity parameter,
a calibration curve with the quercetin (QUE) standard
was constructed. Seven concentrations of quercetin
solution were prepared in methanol:water (80:20)
(1.29, 1.62, 1.94, 2.26, 2.59, 2.91 and 3.23 pg/ml).
One ml of AICI,solution (2%) prepared in acetic acid
(5%) was added to ten milliliters of the QUE solutions
and the final volume of 25 ml was completed with
acetic acid (5%). The analysis was performed in
a Shimadzu UV-1800 spectrophotometer, in the
425 nm wavelength after 25 min of reaction. The
spectrophotometer was adjusted using the black
solution. The blank solution was prepared as the
samples, substituting the 10 ml of quercetin solution
for 10 ml of methanol:water (80:20).

In order to verify if the regression data of
the equation was statistically significant, some tests
were performed for the adjustment check of the linear
model with analysis of validation of the regression,
and its effectiveness. The residual analysis was
applied in order to confirm the significance of the
regression model, with the investigation of the
difference between the observed y values and the
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y values estimated. The homoscedasticity was
calculated by the Grubbs test and did not present an
outlier, presenting itself as homoscedastic.

The precision parameter was evaluated as
repeatability, and intermediate precision parameters.
For the repeatability, the results were obtained in a
same day for three different concentrations analyzed
in triplicate. In the intermediate precision parameter,
values obtained on three different days of analysis
for the same analyst were performed.

Accuracy was evaluated as the percentage
of recovery according to the guideline 166/2017
(Brasil 2017) and the robustness was tested for the
variation of wavelength from 425 to 420 nm.

Determination of total flavonoids in the
dry extract and the Shan-Zha capsules

For the assay, the stock solutions were
prepared by the dissolution of the lyophilized extract
and the internal content of Shan Zha capsules in
methanol:water (80:20) and the final concentration
was 24 mg/ml and 40 mg/ml, respectively. These
solutions were used to determine the of total
flavonoid content according to method described
previously. The results were expressed as milligrams
of quercetin equivalent per gram of dry mass (mg
QUE g")

RESULTS

The sample of the C. pinnatifida fruits
analyzed did not have foreign matter. The
macroscopic analysis was carried out as shown
in Figure 1A and 1B, which reveals the general
appearance presented by the sample of the herbal
drug consisting of the dried C. pinnatifida fruits and
in cross-sections measuring about 2 cm in diameter
and 2 — 3 mm wide, with a slightly aromatic odor and
a sour, slightly sweet taste. The fruits were fleshy,
pomid type or berry, with a dark yellow pulp, almost
brown, with a grainy consistency when dry and pasty
when hydrated. The epicarp is reddish containing
lenticels.

The middle region of the fruit (Figure 1B)
highlights the septum and the five locules, each
containing a pyrene (stone) (mr). The basis and apex
of the fruit could also be observed (bs) and (ap). The
pyrenes are hard, yellowish in color, slightly brownish
and reniform (py) in shape.

The microscopic analysis performed with
the powder allowed the identification of some
elements, such as sclereids, isolated or in groups,
interspersed with parenchymatic, isodiametric and
thin-walled cells that constitute the fleshy part of
the fruit (Figure 1C), cells with dense and brownish
content that make up the outermost region of the
fruit, the epicarp (Figure 1D), in addition to idioblasts
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Figure 1. Crataegus pinnatifida. A. Samples, dried fruit in cross sections. B. fruit part: ross section in the median

region showing the septa (mr), fruit bases (bs), pyrenium containing the seed (py) and Apex of the fruit (ap). C.
Sclereids (sc). D. Cells with reddish-brown/ yelowish-brown content. E. Druses of calcium oxalate (dr). F. Starch

grains present in parenchimatics cells (sg).

containing druses of calcium oxalate and starch
grains (Figure 1E and 1F).

The analysis of the C. pinnatifida capsules
(Shan Zha) content showed that it had dark brown
color powder, composed by the dry extract of the
fruits of C. pinnatifida, with uniform particles, very
similar to the color of the fruits.

The average weight of the capsules was
399.0 mg, with a variation of 0.012%, which was in
accordance with the pharmacopoeia specifications.

The humidity level determination in the fruits
was 18.92 + 1.17% and for Shan Zha capsules was
14.75 £ 0.476%.

The total ash determination tests showed
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values of 0.72 + 0.16% for C. pinnatifida fruits and
1.51 £ 0.20% for Shan Zha capsules.

The preparation of the dried extract from the
fruits of C. pinnatifida was conducted using 17.73 g
of plant material, that obtained 4.2 g of dry extract,
which was later used in some analyses, showing the
extraction efficiency of 23.69%.

The chromatography (TLC) technique used
allowed the observation of the discrete presence of
bands of quercetin, hyperoside and chlorogenic acid
could be observed. The fourth standard, the rutin,
was not seen in the samples, as well as epicatechin
(Figure 2).

For the determination of total flavonoids,
the method was validated for linearity and precision.

The linearity was evaluated by calibration
curve obtained by plotting peak area against
concentration within seven concentrations of
quercetin (QUE) reference standard. The equation of
the line obtained by regression analysis is presented
in the equation 1. The determination coefficient (R?)

£ ¥ 3

Cemees)

Quercetin

¢ ’ ) ¢ )cHi erzside
'y

Fruit Capsule

) Acid

30 pl

(o)

Quercetin

¢ 3% 3

X

)
Hiperoside

(=)

(“‘"‘“‘) Acid

Rutin

"

Chlorogenic

Chlorogenic

7

Epicatechin 20 pl

was 0.9962. The Figure of the linear regression is
in the Supplementary material.

y=0.0827 - x+0.0039 Eq. 1

The statistic tests indicated that the
regression was statistically significant and all results
are presented in the Supplementary material. Results
showed that lowest QUE concentration quantified
(LOQ) were determined from the calibration curve,
and were 0.109 and 0.331 pg/ml, respectively.

The precision analysis was performed and
the relative standard deviation (SD) obtained was
less than 5%, demonstrating the repeatability and
intermediate precision were considered adequate,
as criteria described in the Methodology session. The
results detailed can be seen in the Supplementary
material.

The total flavonoids contents were 0.012%
and 0.005% for dried extract of fruits and capsules
content, respectively.
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Figure 2. Thin layer chromatography of Crataegus pinnatifida fruits and capsules. (A) Visualization at 365 nm
after staining with diphenylboric acid (1%) in methanol, and polyethylene glycol (5%) in methanol after application.
(B) Visualization at 365 nm after staining with diphenylboric acid (1%) in methanol, and polyethylene glycol (5%)
in methanol, and after placed in an oven for five minutes.
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DISCUSSION

The sample of the herbal drug C. pinnatifida
showed macroscopic characteristics in accordance
with those described by the Chinese Pharmacopoeia
(2015), among which the appearance of the
fragments, similar to fruit slices, as well as the
fleshy aspect of the yellowish pulp and surface
can be brown or reddish. It is noteworthy that the
sample also had pits (pyrenium) described in the
literature by Rohrer et al. (1991), characteristic of
pommes, or pomid type fruits. In this succulent fruit,
the fleshy part refers to the hypanthus, information
that is different from the literature, especially that
which deals with chemical constituents that are often
considered to be the drug made up of berries. The
same authors state that the fruits belonging to this
genus are characteristic of the Rosaceae (Rohrer
etal. 1991).

The analysis of the powder from the
capsules content reveled striking elements that
correspond to those described in the Chinese
Pharmacopoeia (2015), and which include cells
with brownish content, belonging to the outermost
region of the fruit; the pericarp, isolated or grouped
sclereids, in addition to calcium oxalate druses that
occur in the pulp parenchyma, as well as starch
grains, highlights also mentioned by Rohrer et al.
(1991).

When evaluating the Shan Zha capsules
content, it was possible to observe the extract of
C. pinnatifida fruits, with some excipients (that
were not analyzed in this work). In addition, it was
identified that the inner extract of the capsules
had a very similar color to the EC. It has a sweet
odor and slightly bitter taste. For these analyses, it
was not found in the literature or in the researched
pharmacopoeias any monograph that informs the
specifications or the appearance of this extract,
therefore, it was compared with EC, produced in
this work.

Dosage uniformity is a parameter of quality
control for commercial capsules. The 6" Brazilian
Pharmacopoeia (2019) establishes that hard
capsules with an average weight greater than 300
mg, in this way the capsules analyzed were suitable
according to Brazilian Pharmacopoeia (2019).

The average weight was carried out for the
C. pinnatifida capsules and the results revealed that
the internal contents had similarities to each other,
indicating that there was a uniformity of dose, with
a correct filling of the capsules. This result provides
an indicator of the technique of preparation of the
capsules, showing good manufacturing process
(Brasil 2019).

Regarding the percentage of humidity, both
samples are above what is described in the Chinese
Pharmacopoeia (2015), which is 12%. This can be
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explained by handled process during the tests, by
opening the original flask and incorporating moisture.
The determination of moisture is a great importance
test because the excess of water in plant drugs
can promote the development of microorganisms,
in addition to enabling enzymatic activity and
hydrolysis. Consequently, these interferents can
deteriorate the drug’s constituents (Farias 2004).
The moisture data of C. pinnatifida capsules was not
found in the literature, and showed an acceptable
moisture value was not found in the literature.
The humidity of organics can be related to their
hygroscopicity, as well as to the packaging, that will
protect the capsules against external factors, such
as moisture (Gallo et al. 2015; Yang et al. 2020).

The percentage of ash for both the fruits
and the capsules had appropriate parameters
according to Chinese Pharmacopoeia (2015),
which establishes a maximum 3% for total ash. The
determination of ash content was also evaluated
to verify the determination of non-volatile inorganic
substances that could be present as constituents or
contaminants in the plant drug, such as stone, sand,
earth and mineral constituents (Farias 2004), that
was considered satisfactory.

The TLC analysis showed the bands
markers in the samples with weaker shades, when
compared to the reference standards, and this may
be related to the way of preparing the samples,
solvent used and even the extraction method. The
improvement of the TLC technique still needs to
be done to obtain a method that allows a better
visualization of the chemical components of the
samples, being also able to compare them with the
reference standards.

Quercetin is one of the major flavonoids
present in the composition of C. pinnatifida fruits
(Jurikova 2012), thus quercetin was adopted as a
marker for the determination of the extract. The
analytical method for total flavonoid content showed
adequate validation parameters and was applied to
quantify the samples of dried extract of fruits and
capsules content.

The TF result obtained from the EC
demonstrated that 101.3 mg of plant herbal drug
were needed for the preparation of 24 mg of extract.
The data showed that the TF content of the plant
herbal drug was 0.69% (0.0069 mg QUE/g herbal
drug).

In dried extract of fruits, 0.012% of TF were
quantified, while for Shan Zha capsules the value
was 0.005%. For the comparison, the Shan Zha
capsules have the half of TF content of the EC. This
difference can possibly be justified by the conditions
of fruit cultivation, collection, drying, storage, factors
that are directly linked to the quality of the product,
which can lead to significant changes in its secondary
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metabolites (Morais 2009). However, the main cause
could be the presence of pharmaceutical excipients
commonly used for capsules manufacturing. The
actual proportion of excipients is unknown, then it is
no possible evaluate how the TF content in the dried
extract used for the Shan Zha is closer to the EC.

In Brazil, the Chinese herbal drugs are being
sold as food supplements, as commented previously,
and this classification allow the companies to follow
the quality control for supplements, which are less
strict when compared to phytomedicines.

This work brought botanical and analytical
techniques which could be used for quality control of
Shan Zha capsules or other C. pinnatifida derivates
marketed in Brazil. For a quality control monography,
be established is necessary to know the range
of impurity and biomarkers contents acceptable
for the raw herbal drug and/or product derivate.
Besides that, analysis for many batches and material
origin need to be done in different laboratories to
understand the regular variability over the results.
This work does not have the intention to propose a
monography, but all methodology presented here
can be considered a starting point for that.

The quality control tests for Shan Zha
capsules marketed in Brazil showed good results
compared to the dried extract of fruits of C. pinnatifida
attesting to its identity. However, there are not quality
reference parameters for this product in Brazil.

To achieve the same amount intake of TF,
the Shan Zha need to be taken in a double amount
of EC extract.

CONCLUSION

The botanical and analytical methodology
were able to characterize the fruits of C. pinnatifida,
as well one phytopharmaceutical product containing
the same herbal drug, showing an acceptable
quality compared to the standard. This study does
not guarantee that all TCM products or products
containing C. pinnatifida, marketed in Brazil,
have the same quality profile, but it reaffirms the
importance to establish the quality control criteria
to harmonize the quality of products that fall under
the classification of supplements under Brazilian
legislation. Furthermore, the data of total flavonoid
content in both products could guide the rational
intake of C. pinnatifida by dose calculation in each
case.

ACKNOWLEDGEMENTS
This study was funded by Maringa State
University, Maringd, Brazil.

79

AUTHORS’ CONTRIBUTIONS

Conceptualization, F.B.B.P., M.Y.,,AL.M.A,,
and A.D.; methodology, B.G.S. and W.N.C;
validation, B.G.S. and W.N.C.; formal analysis,
F.B.B.P.; investigation, B.G.S. and A.L.M.A;
resources, M.Y. and A.D.; data curation, F.B.B.P.,
A.L.M.A., and A.D.; writing original draft preparation,
F.B.B.P., A.L.M.A., and A.D.; writing review and
editing, F.B.B.P. and A.D.; visualization and
supervision, A.D.; project administration, F.B.B.P
and A.L.M.A.; funding acquisition, A.D. All authors
have read and agreed to the published version of
the manuscript.

DECLARATION OF CONFLICT OF INTERESTS
The authors have no conflicts of interest to
declare.

REFERENCES

Brasil. National Health Surveillance Agency — ANVISA
(2010) Farmacopeia Brasileira 5° edicao. Calendula
officinalis monograph. https://www.gov.br/anvisa/pt-br/
assuntos/farmacopeia/farmacopeia-brasileira/5a-
edicao-volume-2

Brasil. National Health Surveillance Agency — ANVISA
(2014) Resolution of the Collegiate Board — RDC -
number 21 of April 25. https://bvsms.saude.gov.br/bvs/
saudelegis/anvisa/2014/rdc0021_25_04_2014.pdf

Brasil. National Health Surveillance Agency — ANVISA
(2017) Resolution of the Collegiate Board — RDC
- Ne 166 of July24. https://www.in.gov.br/materia/-/
asset_publisher/Kujrw0TZC2Mb/content/id/19194581/
do1-2017-07-25-resolucao-rdc-n-166-de-24-de-julho-
de-2017-19194412

Brasil. National Health Surveillance Agency — ANVISA
(2019) Farmacopeia Brasileira 6° edicado. Calendula
officinalis monograph. https://www.gov.br/anvisa/pt-br/
assuntos/farmacopeia/farmacopeia-brasileira/6a-
edicao-volume-2

Brasil. National Health Surveillance Agency — ANVISA
(2019) Resolution of the Collegiate Board — RDC
- Ne 301 of August 21. https://www.in.gov.br/en/
web/dou/-/resolucao-rdc-n-301-de-21-de-agosto-
de-2019-211914064

Brasil. National Health Surveillance Agency — ANVISA
(2020) Manufacture and commercialization of Traditional
Chinese Medicine (TCM) products. http://www.cvs.
saude.sp.gov.br/up/faq_mtc_versao-2.pdf

Chang Q, Zuo Z, Chow MSS, Ho WKK (2006) Effect
of storage temperature on phenolics stability in
hawthorn (Crataegus pinnatifida var. major) fruits and
a hawthorn drink. Food Chem 98(3):426—430. https://
doi.org/10.1016/j.foodchem.2005.06.015

China. Pharmacopoeia of the peoples republic of China
(2015) China Medical Science Press, Heathorn
monography.

Dai H, Zhang Z, Guo X (2007) Adventitious bud
regeneration from leaf and cotyledon explants of
Chinese hawthorn (Crataegus pinnatifida Bge. var. major

Rev Bras Plantas Med / Braz J Med Plants (2022) 24:73-80.


https://bvsms.saude.gov.br/bvs/saudelegis/anvisa/2014/rdc0021_25_04_2014.pdf
https://bvsms.saude.gov.br/bvs/saudelegis/anvisa/2014/rdc0021_25_04_2014.pdf
https://www.in.gov.br/materia/-/asset_publisher/Kujrw0TZC2Mb/content/id/19194581/do1-2017-07-25-resolucao-rdc-n-166-de-24-de-julho-de-2017-19194412
https://www.in.gov.br/materia/-/asset_publisher/Kujrw0TZC2Mb/content/id/19194581/do1-2017-07-25-resolucao-rdc-n-166-de-24-de-julho-de-2017-19194412
https://www.in.gov.br/materia/-/asset_publisher/Kujrw0TZC2Mb/content/id/19194581/do1-2017-07-25-resolucao-rdc-n-166-de-24-de-julho-de-2017-19194412
https://www.in.gov.br/materia/-/asset_publisher/Kujrw0TZC2Mb/content/id/19194581/do1-2017-07-25-resolucao-rdc-n-166-de-24-de-julho-de-2017-19194412
https://www.in.gov.br/en/web/dou/-/resolucao-rdc-n-301-de-21-de-agosto-de-2019-211914064
https://www.in.gov.br/en/web/dou/-/resolucao-rdc-n-301-de-21-de-agosto-de-2019-211914064
https://www.in.gov.br/en/web/dou/-/resolucao-rdc-n-301-de-21-de-agosto-de-2019-211914064
http://www.cvs.saude.sp.gov.br/up/faq_mtc_versao-2.pdf
http://www.cvs.saude.sp.gov.br/up/faq_mtc_versao-2.pdf
https://doi.org/10.1016/j.foodchem.2005.06.015
https://doi.org/10.1016/j.foodchem.2005.06.015

N.E.Br.). In Vitro Cell and Dev Biol - Plant 43(1):2-8.
https://doi.10.1007/s11627-006-9008-3

Degenring FH, Suter A, Weber M, Saller R (2003) A
randomised double blind placebo controlled clinical
trialof a standardised extract of fresh Crataegus
berries (Crataegisan®) in the treatment of patients with
congestive heart failure NYHA Il. Phytomed 10(5):363—
369. https://doi.10.1078/0944-7113-00312

Dehghani S, Mehri S, Hosseinzadeh H (2019) The effects of
Crataegus pinnatifida (Chinese hawthorn) on metabolic
syndrome: Areview. Iranian J Basic Med Sci 22(5):460-
468. https://d0i.10.22038/IJBMS.2019.31964.7678

European Directorate for the Quality of Medicines.
European Pharmacopoeia (2019). 10th ed. European
Directorate for the Quality of Medicines; Strasbourg,
France.

Eisenberg DM, Davis RB, Ettner SL, Appel S, Wilkey S,
Rompay MV, Kessler RC (1998) Trends in alternative
medicine use in the United States, 1990-1997: results
of a follow-up national survey. JAMA 280(18):1569-75.
https://doi.10.1001/jama.280.18.1569

Farias MR (2004) Avaliacdo da Qualidade de Matérias-
primas Vegetais. In: Simdes CMO (Ed.). Farmacognosia
da Planta ao Medicamento Porto Alegre: Editora da
UFRGS, 2004. p. 263-88.

Gallo L, Rigo-Ramirez MV, Pina J, Bucala V (2015)
A comparative study of spray-dried medicinal plant
aqueous extracts. Drying performance and product
quality. Chem Engineer Res Des 104:681-694. https://
doi.org/10.1016/j.cherd.2015.10.009

Jurikova T, Sochor J, Rop O, Micek J, Balla S, Szekeres
L, Adam V, Kizek R (2012) Polyphenolic profile and
biological activity of chinese hawthorn (Crataegus
pinnatifida BUNGE) fruits. Molecules 17(12):14490-509.
https://d0i.10.3390/molecules171214490

Kao ES, Wang CJ, Lin WL, Yin YF, Wang CP, Tseng TH
(2005) Anti-inflammatory potential of flavonoid contents
from dried fruit of Crataegus pinnatifida in vitro and
in vivo. J Agricul Food Chem 53(2):430-436. https://
doi.10.1021/jf040231f

Kumar D, Arya V, Bhat ZA, Khan NA, Prasad DN (2012)
The genus Crataegus: chemical and pharmacological
perspectives. Braz J Pharmacog 22(5):1187-1200.
https://doi.org/10.1590/S0102-695X2012005000094

80

Lin A, Chan G, Hu Y, Ouyang D, Ung COL, Shi
L, Hu H (2018) Internationalization of traditional
Chinese medicine: Current international market,
internationalization challenges and prospective
suggestions. Chinese Med 9:13-19. https://d0i.10.1186/
$13020-018-0167-z

Liu P, Yang B, Kallio H (2010) Characterization of
phenolic compounds in Chinese hawthorn (Crataegus
pinnatifida Bge. var. major) fruit by high performance
liquid chromatography-electrospray ionization mass
spectrometry. Food Chem 121(4):1188-1197. https://
doi.org/10.1016/j.foodchem.2010.02.002

Morais LAS (2009) Influéncia dos fatores abidticos na
composi¢ao quimica dos 6leos essenciais. In: Embrapa
Meio Ambiente. Artigo em anais de congresso (ALICE).
Horticultura Brasileira, Brasilia, DF 27(2):S3299-S3302.
http://www.alice.cnptia.embrapa.br/alice/handle/
doc/57768

Rigelsky JM, Sweet BV (2002) Hawthorn: Pharmacology
and therapeutic uses. Am J Health Syst Pharm 59:417—
422. https://d0i.10.1093/ajhp/59.5.417

Rocha T, Amaral JS, Oliveira MBPP (2016) Adulteration of
dietary supplements by the illegal addition of synthetic
drugs: A review. Comp Rev Food Sci Food Safety
15(1):43-62. https://doi.org/10.1111/1541-4337.12173

Rohrer JR, Robertson KR, Phipps JB (1991) Variation
in structure among fruits of Maloideae (Rosaceae).
Am J Botany 78(12):1617—-1635. https://doi.
0rg/10.2307/2444843

Shakyra AK (2016) Medicinal plants: Future source of new
drugs. Int J Herb Med 4(4):59-64. https://d0i.10.13140/
RG.2.1.1395.6085

Wang J, Wong Y, Liao F. What has traditional Chinese
medicine delivered for modern medicine? (2018)
Expert Rev Molec Med 20:1-9. http://doi.org/10.1017/
erm.2018.3

Wu J, Peng W, Qine R, Zhou H (2014) Crataegus
pinnatifida: chemical constituents, pharmacology, and
potential applications. Molecules 19(2):1685-712.
https://doi.10.3390/molecules19021685.

Yang N, Chen H, Jin Z, Hou J, Zhang Y, Han H, Shen Y, Guo
S (2020) Moisture sorption and desorption properties of
gelatin, HPMC and pullulan hard capsules. Int J Biol
Macromol 15(159):659-666. https://doi.10.1016/j.
ijbiomac.2020.05.110.

Rev Bras Plantas Med / Braz J Med Plants (2022) 24:73-80.


http://dx.doi.org/10.1007/s11627-006-9008-3
https://doi.10.1078/0944-7113-00312
https://doi.org/10.22038%2FIJBMS.2019.31964.7678
https://doi.10.1001/jama.280.18.1569
https://doi.org/10.1016/j.cherd.2015.10.009
https://doi.org/10.1016/j.cherd.2015.10.009
https://doi.org/10.3390%2Fmolecules171214490
https://doi.10.1021/jf040231f
https://doi.10.1021/jf040231f
https://doi.org/10.1590/S0102-695X2012005000094
https://doi.10.1186/s13020-018-0167-z
https://doi.10.1186/s13020-018-0167-z
https://doi.org/10.1016/j.foodchem.2010.02.002
https://doi.org/10.1016/j.foodchem.2010.02.002
https://doi.10.1093/ajhp/59.5.417
https://doi.org/10.1111/1541-4337.12173
https://doi.org/10.2307/2444843
https://doi.org/10.2307/2444843
http://dx.doi.org/10.13140/RG.2.1.1395.6085
http://dx.doi.org/10.13140/RG.2.1.1395.6085
https://doi.org/10.3390/molecules19021685
https://doi.10.1016/j.ijbiomac.2020.05.110
https://doi.10.1016/j.ijbiomac.2020.05.110

	_Hlk83823912

