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This study compared two Annona squamosa L. cultivars, Abdelrazik (Annona A.) and Balady (Annona B.),
in terms of their chemical profile, in vitro cytotoxicity against HCT-116 and A549 cell lines, and total
acetogenin. In addition, the two cultivars pulp were compared regarding carbohydrates and
magnesium ions content and immunomodulating activity. The two cultivars were also differentiated
genetically by DNA barcoding using the universal primer matK and the specific primer Annona
squamosa matK. The results showed that Annona A. seeds had higher acetogenin content and
exhibited more potent cytotoxic activity against the two cell lines. In contrast, Annona B. pulp had
higher carbohydrate content and lower magnesium ions content. The splenic lymphocyte
proliferation assay revealed that Annona A. pulp extract was slightly more active as an
immunostimulant. The specific primer used for DNA barcoding was more effective for species
identification, while the universal primer was better for cultivar differentiation. Overall, our findings
indicate the potential for using active compounds of Annona squamosa L. cultivars to develop new
therapeutic agents for cancer therapy and immune enhancement.

Annona L. is one of the most important genus of the Annonaceae'. This
genus is native to the tropical region and is characterized by its edible fruits
and medicinal value’. It is the second largest genus of the Annonaceae,
including about 166 species’. Annona cherimola, Annona muricata, Annona
reticulata, Annona squamosa, Annona glauca, Annona montana, Annona
scleroderma, Annona glabra, and Annona purpurea are the most common
species of this genus’. Annona squamosa L., known as sugar apple, is con-
sidered one the most widely distributed species of Annona®. It is a small
deciduous tree, cultivated in tropical South America, southern Mexico and
occasionally in southern Florida®. In the 17th century, it has been introduced
into southern China, Queensland, Australia, Polynesia, Hawaii, tropical
Africa, Egypt, and the lowlands of Palestine’.

The phytochemical studies showed that acetogenins, diterpenes, alka-
loids, and cyclopeptides are the main constituents of Annona squamosa L.
Reviewing the phytochemical literature of Annona squamosa L., acetogenins
and cyclopeptides are concentrated mainly in seeds, while majority of alkaloids
were isolated from the leaves, and diterpenes from bark and stem®*. Acet-
ogenins are considered the main bioactive compounds of Annonaceae’.
Acetogenins structure, that is a derivative of long chain fatty acid, appear to
have common features including long aliphatic chain with butyrolactone ring

and substituted with one or more tetrahydrofuran ring, epoxide ring, hydroxyl
groups or double bond"’. Acetgenins are dlassified into four groups according
to the substitution along the hydrocarbon chain''. The first group is linear
acetogenins, in which the aliphatic chain is substituted with oxygenated moiety
(hydroxyls, ketones, epoxides) or double bond, but not furan ring'”. The second
one is mono-tetrahydrofuran acetogenins that is substituted by one tetra-
hydrofuran ring, while the third group, bis-tetrahydrofuran acetogenins, is
substituted by two tetrahydrofuran rings, either adjacent or non-adjacent and
finally the fourth group is miscellaneous acetogenins, including acetogenins
with tri-tetrahydrofuran rings or tetrahydrofuran and tetrahydropyran rings'.
Alkaloids are the second major active constituent of Annona squamosa L.".
The majority of alkaloids were isolated mainly from the leaves, with aporphine
alkaloids being the most common type of alkaloid in Annona*.

Annona squamosa L. is a medicinally active plant which is rich in many
active constituents that can be effective for different health problems. The
different parts of the plant, seeds, leaves, and fruits, contribute to the
pharmacological activities which include anti-tumor, anti-inflammatory,
antioxidant, anti-thyroid, antidiabetic, anti-microbial, anti-malarial,
immunomodulatory, anti-ulcer, hepatoprotective, vasorelaxant, anti-
atherogenic and wound healing activity'”’. Anti-tumor activity of Annona
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squamosa L. was reported for different plant organs, and against different
cell lines. Both aqueous and organic extract of Annona squamosa L. seeds
were found to induce apoptosis in breast carcinoma and erythroleukemia'’.
Alcoholic leaf extract has a potential anticancer activity against colon cancer
cell line", while the chloroform extract of fruit pericarp showed a specific
potential activity against lymphoma cell line'. In addition, some animal
trials showed that ethanolic bark extract may prevent the tumor formation
DMBA (7,12-dimethylbenz (a) anthracene) induced hamster buccal pouch
carcinogenesis'”’. Annona squamosa L. acetogenins show anti-cancer
activity by inhibition of mitochondrial complex 1 and blocking of NADH
oxidase enzyme, leading to depletion of ATP and cell death™.

Immunomodulatory agents are substances that affect the response of
our immune system’'. They may be immunostimulants that help the body
fight infections and diseases, or immunosuppressants that may be essential
in some auto-immune diseases and organ transplantation’’. ASPW80-1, a
polysaccharide isolated from Annona squamosa L. pulp, and its sulfated
derivative, ASPW80-M1, were reported to have immunostimulant activity
by enhancing the proliferation of mouse spleen lymphocytes™.

Annona squamosa L. Abdelrazik (Annona A.) and Balady (Annona B.)
are two cultivars grown in Egypt”. Fruit size, seed count, and leaf dimen-
sions are all distinguishing characteristics of the two cultivars. Annona A.
fruits are characterized by their high weight and large size. It weighs about
twice as much as Annona B. fruit and is about one-half the size of the
Annona b. fruit**. On the other hand, Annona B. fruits have a higher number
of seeds compared to Annona A. one™. In terms of leaf parameters, Annona
A. leaf is about twice as large as the Annona B. leaf™.

As the two cultivars are marketed in Egypt with a high price difference
(Annona A. priceis about 3 times that of Annona B.), and it was claimed that
Annona A. cultivar has great medicinal value for cancer patients over
Annona B., so we aimed to compare the two cultivars in terms of their
chemical profile, in vitro cytotoxicity against HCT-116 and A549 cell lines,
total acetogenin of seeds extract, pulp carbohydrates and magnesium ions
content and immunomodulating activity. The two cultivars were also dif-
ferentiated genetically by DNA barcoding.

Results

TLC screening

The plate sprayed with anisaldehyde/sulfuric acid reagent showed differ-
ences between the leaves, seeds, and pericarp methylene chloride extracts of
the two cultivars either regarding the presence of certain compounds or their
concentration. These differences can also be detected in the anisaldehyde
plate developed in a more polar system, while the pulp extracts of the two
cultivars were almost the same. The plate sprayed with Kedde’s reagent
revealed that the methylene chloride extract of the seeds of each cultivar is
rich in acetogenins with almost similar bands in the two cultivars. The plate
sprayed with dragendorff’s reagent showed the presence of alkaloids in the
ethanol extract of the two cultivars leaves, with more intense bands in the
Annona B. cultivar. Also, acetogenins of seeds extract showed a false positive
result with dragendorff’s reagent as lactones containing compounds give
false positive result with dragendorff’s reagent™.

In vitro cytotoxicity
The cytotoxicity study was conducted for fractions containing acetogenins
and alkaloids, as they were reported to be the major active metabolites of

Annona squamosa L. with known cytotoxic activity>*”. The pulp extract
was also used to detect whether the edible part contributed to the cyto-
toxicity of the plant, as the fruits were traditionally used as an anti-tumor
agent™. ICs, values of different extracts (methylene chloride extract of seeds,
ethanol extract of leaves and 50% ethanol extract of pulp) of the two cultivars
indicated different potencies against A549 (lung) and HCT-116 (colon) cell
line (Table 1).

The methylene chloride extract of Annona A. seeds had the most potent
cytotoxic effect against A549 and HCT-116 cell lines, with IC50 values of
0.58 £0.00 ug/mL and 0.23 +0.02 pg/mL, respectively, followed by the
methylene chloride extract of Annona B. seeds, which had IC50 values of
0.85 +0.00 ug/mL and 0.33 +0.02 ug/mL against A549 and HCT-116 cell
lines, respectively. The cytotoxic effect of the two cultivars’ leaves extract
against A549 cell line was almost the same, with ICs, value of 2.45 + 0.07 pg/
mL for Annona A. and 2.40 + 0.16 ug/mL for Annona B. On the other hand,
HCT-116 cell line was more sensitive to Annona A. leaves than to Annona B.
leaves with ICs, value of 0.72 + 0.05 pg/mL and 1.24 +0.02 pug/mL respec-
tively. The pulp extract of the two cultivars showed the least efficacy of all
tested extracts against the two cell lines. A549 and HCT-116 cell lines showed
a higher sensitivity to Annona B. pulp, with ICs, value of 3.83 + 0.44 pg/mL
and 1.65 + 0.04 pg/mL respectively, while Annona A. pulp, with ICs, value of
5.05+0.21 ug/mL and 2.84 + 0.09 pg/mL respectively. HCT-116 cell line is
more sensitive to the two cultivars’ different extracts than A549 cell line.

Characterization of the isolated acetogenin

Compound A is a colorless wax, that gave a positive color reaction with
Kedde’s reagent, which is characteristic of acetogenins”. The EI-mass
spectrum showed a peak at m/z 621 (M-H) and high-resolution mass
spectrum with a peak at m/z 645.4701 (M+Na) pointed to acetogenins of
molecular weight 622. Reviewing acetogenins literature, there are 28 acet-
ogenins of the same molecular weight, 622. The NMR spectral data analysis
(Table 2) reduced the probabilities to 24 acetogenins with a molecular
formula C3;HesO,”*". The *C-NMR showed carbon signals at § 169.3,
133, 150.92, 78.23 and 17.9 which with 'H-NMR signals at 7.29 (br s),
5.1 (m) and 1.4 (d) ppm for position C-35, C-36, and C-37, respectively,
confirmed the presence of «,-unsaturated-y-lactone nucleus with an a-
methyl group to the lactone ring.

The presence of two adjacent tetrahydrofuran rings with two adjacent
hydroxyl groups was confirmed by carbon signals at 73.55, 82.85, 81.98,
81.98, 82.39, and 72.44 ppm for position C-15, C-16, C-19, C-20, C-23 and
C-24, respectively. In addition to "C NMR, the furan rings with the two
hydroxyl groups were also confirmed by '"H NMR with oxy-methine mul-
tiple proton signal at the region of 3.8 to 3.9 which assigned for carbon 16,
19, 20 and 23 while signal at 3.4 and 3.6 were assigned for carbons attached
to the hydroxyl groups. The appearance of an additional carbon signal at
70.94 ppm indicated the presence of an additional hydroxyl group within
the aliphatic carbon chain.

The compound EI-MS fragmentation (Fig. 1) showed an ion peak at m/
z 501 due to the fission at C-28/C-29 followed by dehydration, while the
peak at m/z 365 was due to the fission at C-19/C-20. The EI-MS spectra also
revealed a fragment jon at m/z 295 due to fission at C-15/C-16, and another
peak at m/z 239 due to fission at C-19/C-20 followed by loss of water.

Combining the NMR spectral analysis and the mass fragmentation
spectral data of the isolated compound, the probabilities were narrowed to

Table 1| ICso (Mg/mL) of Annona squamosa L. cultivars different extracts

Annona B. Annona A. Positive control
Cell line Seed Leaves Pulp Seed Leaves Pulp Cisplatin
(CH.Cl, extract) (C,HsOH extract) (50% C,HsOH (CH.Cl, extract) (C,HsOH extract) (50% C,HsOH
extract) extract)
A549 (lung) 0.85+0.00 2.40+0.16 3.83+0.44 0.58 +0.00 2.45+0.07 5.05+0.21 0.09 +0.00
HCT- 0.33+0.02 1.24 £0.02 1.65+0.04 0.23+0.02 0.72 +0.05 2.84 +0.09 0.09+0.11
116 (colon)

All results are presented as mean of three determinations + standard deviation.
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*, also known as annonin I'’, and squamocin

only 2 acetogenins, squamocin
D" (Fig. 2).
Unfortunately, we couldn’t determine the stereochemistry of the

hydroxyl groups. Therefore, the isolated compound A (Fig. 3) is one of the

Table 2| 'H-NMR and *C-NMR spectral data of compound A
in CD;0D

C 8C, ppm 8H, ppm

1 1693 eemeeeee

2 133 e

3 24.61 2.26(t,J=7.7Hz)
4 27.21 1.5-1.57 (m)

5 29.05 Overlapped signal.
5 29.2 1.3-1.37 (m)

7 29.26

8 29.29-29.4

9

10

11

12

13 25.43

14 32.88 1.42-1.46 (m)

15 73.55 3.41 (dt)

16 82.85 3.82-3.91 (m)

17 28.87 1.66 (M)

18 28.37 199 (m)

19 81.98 3.82-3.91(m)

20 81.98

21 28.13 1.66 (m)

22 28.87 199 (m)

23 82.39 3.82-3.91 (m)

24 72.44 3.62 (m)

25 33.1 1.5-1.57 (m)

26 21.77 1.67 (m)

27 37.04 1.42-1.46 (m)

28 70.94 3.55 (m)

29 37.04 1.42-1.46 (m)

30 26.02 Overlapped signal.
31 2936 1.3-1.37 (m)

32 31.7

33 22.34

34 13.09 0.92 (t, J=6.6 Hz)
35 150.92 7.29 (brs)

36 78.23 5.1 (m)

37 17.9 1.4 (d,J=6.8H2)

295

two acetogenins, squamocin and squamocin D, or maybe a new acetogenin,
and further spectral analysis is required to distinguish between them.

Quantitation of total acetogenin of seeds extract

Acetogenins content of the seeds extract was quantified using JustTLC®
software, a new generation of TLC analysis software that allows quantitative
analysis on TLC plate (Sweday, Sweden, www.sweday.com). The method
was validated according to ICH (International Conference on Harmoni-
zation) parameters, accuracy, precision, limit of detection, limit of quanti-
tation, linearity, range, and specificity (Table 3)*".

The linear relation between the concentration of standard reference
solution and spot volume was used to calculate the total acetogenin
content in the sample’s solution. The findings showed that there are about
13 acetogenin bands in methylene chloride extracts of Annona B. and
Annona A. seeds that are almost similar but differ in concentration
(Fig. 4).

The acetogenin content of the two cultivars was illustrated in Table 4.

Acetogenins content per band was calculated using spot volume and
regression equation, then the concentration per each mg of extract and dry
powder was calculated. The results showed that the acetogenin content of
Annona A. is higher than that of Annona B. with (710.6 £ 10.9 ug/mg
extract) and (474.1 + 6.6 pg/mg extract) respectively. These findings mir-
rored the results of the in vitro cytotoxicity screening performed in this
study, as the methylene chloride extract of Annona A. seed is more potent
than the Annona B. seed extract, which linked the seed extract’s cytotoxic
action to the acetogenins concentration.

Immunomodulating activity

Splenic lymphocyte proliferation assay. The results (Fig. 5) showed
the immunostimulant activity of Annona A. and Annona B. pulp
extract. Both extracts stimulated the proliferation of the spleen lym-
phocytes. At the same dose, Annona A. pulp extract showed slightly
higher proliferation activity than Annona B. pulp extract, and their
activity was very close to Echinacea extract. As the extract con-
centration increased <) 7.8 ug/mL), it was observed that the cells
proliferation was suppressed.

Determination of carbohydrates content. As some Annona squamosa
L. polysaccharides were reported to have immunostimulant effect””, the
pulp extract total carbohydrates content was determined. The linear
relation between the concentration of D-glucose solution and absorbance
at 490 nm was used to calculate the total carbohydrate concentration in
the sample solution. Annona squamosa L. pulp is rich in carbohydrates
containing compounds and the findings showed that the carbohydrate
content of the Annona B., 66.035 + 2.249 ug/100 pg extract, is higher than
that of the Annona A., 53.165 + 1.664 ug/100 pg extract.

Quantitation of Mg®" ions. The magnesium ion content of the pulp
extract was detected due to its important role in the immune response*”. It
plays a role as a co-factor for immunoglobulin synthesis, immune cell
adherence, C'3 convertase, antibody-dependent cytolysis, IgM lympho-
cyte binding, macrophage response to lymphokines and T helper-B cell
adherence®. As EDTA forms a 1:1 complex with magnesium and calcium
ions, the number of moles of ETDA consumed in the titration equals the
number of moles of magnesium and calcium ions in the sample solution

-H>O
239

OH

5014 5HH0

Fig. 1 | Mass fragmentation of compound A. The figure describes the different fragments detected in EI-MS of the isolated compound.
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OH OH OH

HO HO

Fig. 3 | Structure of the isolated compound. The structure was detected by comparing the spectral data with the literature.

Table 3 | Linearity, LOD, LOQ accuracy and precision of the
methods for total acetogenin quantitation

Regression equation y=14.603X + 21.343

Determination coefficient (R?) 0.99

Linearity rang in pg/band 2.1-5.6

LOD 0.31

LOQ 1.05

Precision (%RSD) Inter-day 0.70
Intra-days 0.94

% Recovery 99.97

x applied amounts (ug/band), y spot volume in JustTLC® software.

with EBT indicator and calcium ions only with murexide indicator.

EDTA* + Mg*t — [Mg — EDTA]*™ 1)

The results, illustrated in Table 5, showed that the concentration of
magnesium ions in Annona squamosa L. pulp is not high enough to be a
sufficient source that covers the recommended daily intake of magnesium
ions, which is ~400 mg for men and 300 mg for women™, and that it is
slightly higher in the Annona A. than in the Annona B., with 313.6 mg and
281.6 mg per kg of fresh pulp, respectively.

DNA barcoding for cultivars differentiation. The alignment of Annona
squamosa matK sequences for the two cultivars was efficient for species
identification as Annona squamosa L. with percentage identity 100%
obtained by 100% query cover for the Annona B. and with 99.04% per-
centage identity and 100% query cover for Annona A. On the other hand,
this marker failed to differentiate between the two cultivars with a per-
centage identity of 91%.

Regarding the universal marker, matK sequences, the two cultivars
were identified as Annona squamosa L. with lower percentage identity than
the specific marker. The Annona B. cultivar was identified with percentage
identity 95.23% and query cover of 84%, while Annona A. cultivar was
identified with percentage identity 94.12% and a low query cover of 21%.
Annona A. cultivar was also identified as Annona cherimola with the same
percentage identity and query cover as Annona squamosa, which may

Annona A.

Annona B.
Seeds extract

Fig. 4 | TLC plate of the two cultivars seed extracts. TLC plate of methylene
chloride seed extracts of the two cultivars sprayed with Kedde’s reagent, and the
volume of the spots was detected by JustTLC software.

confirm the reported data that Annona A. cultivar is a hybrid between
Annona squamosa and Annona cherimola®. Unlike the specific primer,
matK marker can be used effectively to differentiate between the two cul-
tivars with percentage identity of 64%. In conclusion, the specific primer
(Annona squamosa matK) is superior for species identification, while the
universal (matK) is preferred for cultivars differentiation.
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Table 4 | Total acetogenin content of the two cultivars

Cultivar Annona B. Annona A.
Spot Acetogenin Acetogenin content Acetogenin content in Acetogenin Acetogenin content Acetogenin content in
number content in ug in pug per mg of Hg per mg of dry content in ug in pug per mg of Mg per mg of dry
per band extract powdered seed per band extract powdered seed
1 29.6+0.0 123.6+0.1 10.3+0.0 255+1.1 106.3 +4.6 6.9+0.3
2 6.7 +0.1 27.9+0.5 2.3+0.0 6.1+0.0 254+04 1.6+0.0
3 1.6+0.0 7.0+0.0 0.6+0.0 6.8+0.2 28.5+0.9 1.8+0.0
4 3.2+0.0 13.4+0.0 1.1+£0.0 5.7+0.1 23.7+0.7 1.5+0.0
5 471 +0.8 196.2+3.5 16.5+0.3 476+1.2 198.5+5.2 12.9+0.3
6 3.5+0.1 14.8+0.4 1.2+0.0 20.2+0.1 84.3+0.5 5.4+0.0
7 1.3+0.0 57+16 0.5+0.1 3.9+0.1 16.2+0.5 1.0+£0.0
8 0.4+0.0 2.0+0.0 0.2+0.0 42+04 17.8+0.6 1.1+0.1
9 5.1+0.2 21.6+0.9 1.8+0.0 79+1.0 33.1+4.5 21+0.2
10 3.4+0.0 145+0.2 1.2+0.0 124+04 51.9+1.8 3.3+0.1
11 7.0+19 29.4+8.1 2.4+0.6 13.0+£1.0 541+43 3.5+0.2
12 2.6+0.1 11.2+0.6 0.9+0.0 11.0+0.4 46.1+£1.7 3.0+0.1
13 1.6+0.4 6.8+1.6 0.5+0.1 59+0.6 24.7+2.8 1.6+0.1
Total 113.1+1.5 474.1+6.6 39.5+0.5 170.2+2.6 710.6+10.9 45.7+0.7
All results are calculated as mean + standard deviation.
140
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HAnnona B. MWAnnona A.

Fig. 5 | Splenic lymphocyte proliferation of Annona A., Annona B pulp extract
and Echinacea root extract. The figure illustrates the impact of the pulp extracts
from the two cultivars on the viability of spleen lymphocytes in comparison to

Echinacea

Echinacea root extract. Annona A. showed a higher proliferative effect that decreased
as the concentration of all extracts increased.

Table 5 | Magnesium and calcium ions concentration per 25 mg of pulp extract calculated by complexometric titration with

EDTA in each cultivar

A. squamosa mmoles of Mg?*+Ca?* mmoles of Ca*" ions/ mmoles of Mg?*ions/  Mg?" ion concentration in Mg?" ion concentration in
cultivar ions/25 mg extract 25 mg extract 25 mg extract mg/25 mg extract mg/kg fresh pulp

Annona B. 0.0037 +0.00 0.0019 +0.00 0.0018 +0.00 0.0437 +0.00 281.6+0.00

Annona A. 0.0043 + 0.00 0.0023 + 0.00 0.0020 + 0.00 0.0486 +0.00 313.6 +0.00

The results are presented as mean + standard deviation.

Discussion

Our research findings highlight the chemical and biological differences
between two Annona squamosa L. cultivars, Abdelrazik (Annona A.) and
Balady (Annona B.). The more potent cytotoxic effect of Annona A. seeds
extract, with a higher acetogenins concentration, seems consistent with the

previous studies that indicated that acetogenins are the major cytotoxic
compounds of Annona squamosa L.**". Acetogenins are known for their
potent cytotoxicity for different cancer cell lines by enhancing cell
apoptosis®. This supports our results that Annona A. showed superior
cytotoxicity compared to Annona B.
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In addition, our study supports the reported data that Annona squa-
mosa L. is a rich source of nutritional elements as carbohydrates and
minerals**”’. The analysis revealed that Annona B. possessed higher carbo-
hydrate levels and lower magnesium content than Annona A., which
emphasized the nutritional diversity of the different cultivars. The immu-
nological study of the two cultivars showed the proliferative effect of the two
cultivars pulp on the splenocytes, with a higher effect in Annona A. although
it showed lower carbohydrate content than Annona B. that can be at least
partially explained by the fact that the majority of carbohydrates found in
Annona B. do not exhibit detectable proliferative activity. Furthermore, the
immunostimulant activity of Annona squamosa L. has been reported for a
single isolated polysaccharide, (ASPW80-1), not for the total
carbohydrates™, therefore the total carbohydrate content may not be directly
correlated with this activity. Our results support the promising immunos-
timulant effect of Annona squamosa L. pulp that has been described
previously”'. This also supports the traditional use of Annona squamosa L. as
an immune-boosting agent, providing scientific evidence for its efficacy.

Furthermore, the utilization of DNA barcoding technique with both
universal and specific primers provided a valuable methodology for genetic
differentiation of the cultivars and for species identification that is crucial for
accurate plant authentication. This information was also of benefit to prove
that Annona A. is a hybrid cultivar. Overall, this study contributes to the
scientific understanding of Annona squamosa L., its chemical composition,
cytotoxicity, immunomodulatory properties, and cultivars differentiation,
with potential implications for the development of new therapeutic agents.
It also provides valuable insights for further research and in vivo studies,
supported by histological tests, for the potential development of new ther-
apeutic interventions.

Materials and methods

Collection of plant material

The leaves of the two cultivars of Annona squamosa L. were collected from
El-Mamora gardens, Alexandria, Egypt, November 2019. The two cultivars’
fruits were purchased from a local market in November 2019 and identified
by Prof. Atef M. Ibrahim professor at the Pomology Department, Faculty
of Agriculture, Alexandria University. Fresh leaves of Annona squamosa L.
cultivars, for genomic analysis, were collected from seedlings obtained from
Ashraqat plant nursery in Alexandria. The experimental procedures com-
plied with relevant institutional, national, and international guidelines and
legislation, including the appropriate permission for the collection of plant
specimens.

Preparation of extracts

Fresh pulp of Annona B. and Annona A. (100 gm) was extracted with a
mixture of ethanol and water (1:1) by percolation, while the dried seeds,
leaves, and pericarp (30 gm) were defatted with petroleum ether, then
extracted by percolation with methylene chloride, followed by extraction
with ethanol. The extracts were then filtered and concentrated under
reduced pressure.

TLC screening

8uL of the same concentration (20 mg/mL) of seeds, leaves, pericarp
ethanol and methylene chloride extract together with water/ ethanol pulp
extract was applied on pre-coated silica gel sheets (20 x 10) cm (E-Merck,
Dramstadt, Germany) using an HPTLC applicator (Camag, linomat 5). The
plates were developed in two systems of different polarity and then revealed
by anisaldehyde/sulfuric acid”, dragendorff’s™ and kedde’s reagent™.

In vitro cytotoxicity

The cytotoxic activity of seeds methylene chloride extract, leaves ethanol
extract, and water/ ethanol pulp extract was screened against colon cancer cell
line (HCT-116, ATCC CCL-247) and lung cancer cell line (A549, ATCC
CCL-185), obtained from American Type Culture Collection (ATCC), using
MTT assay”. The cells were seeded in a 96-well plate containing 100 pL of
culture media per well, then incubated for 24 h The cells were then treated

with different concentrations of the plant extracts, three wells for each con-
centration, and incubated for 48 h. After the incubation period, the cells were
treated with 100 pL of fresh media containing 10 pL MTT solution (5 mg/
mL) and incubated for another 3h in CO, incubator. The produced for-
mazan crystals were dissolved using 100 pL of DMSO. Cisplatin was used as a
positive control. Absorbance was measured at 570 nm against the control
cells, which were treated only with culture media, using a microplate reader,
and the percentage viability was calculated using the following equation:

Absorbance of sample at 570 nm
Absorbance of control at 570 nm

% Viability = x 100 )

The results were expressed as % viability against concentration and
used to calculate ICs, (concentration required to kill 50% of the cells).

Isolation of an acetogenin

The major acetogenin from Annona B. seeds was isolated, to be used as a
standard for acetogenins quantitation, using preparative thin layer
chromatography™. About 5 mL of 20 mg/mL solution of methylene chlor-
ide seeds extract was applied as a long band on 14 TLC plates (20 x 10) cm
(E-Merck, Dramstadt, Germany). The plates were allowed to dry then
developed in chloroform: methanol (19:1) system. After development, a part
of the targeted zone was identified using Kedde’s reagent, then separated
from the plates. The desired compound was recovered from the sorbent
silica by mixture of methanol and chloroform. The resulting extract was
dried to obtain about 20 mg of the target compound A, which was identified
by NMR and mass spectral analysis.

Quantitation of total acetogenin of seeds extract

The acetogenin content of Annona B. and Annona A. seeds extract was
compared using image analysis program (JustTLC®) for TLC analysis
(Sweday, Sweden, www.sweday.com). The previously isolated acetogenin in
this study was used as a standard for conduction of the calibration curve,
taking into consideration its purity detected by HPLC. The standard curve
was performed by application of 3, 4, 5, 6, 7 and 8 uL of standard solution,
prepared as 1 mg/mL of methanol, on pre-coated silica gel sheets (20 x 10)
cm (E-Merck, Dramstadt, Germany) using an HPTLC applicator (Camag,
linomat 5). For sample plate, 12 pL of each sample (20 mg/mL) was applied,
together with 8 pL of the standard solution, on pre-coated silica gel sheets
(11 x 20) cm. The plates were developed in chloroform: methanol (19:1)
system (double run), then sprayed with Kedde’s reagent and analyzed by
justTLC software.

Validation of method

According to ICH (International Conference on Harmonization), the
analytical method should be validated through evaluation of some char-
acteristics, which are accuracy, precision, limit of detection, limit of quan-
titation, linearity, range, and specificity"'. The accuracy is the measurement
of how much the detected values are close to the true or reference values and
can be estimated by the average percentage recovery of three identical spots
of the same concentration. The accuracy was calculated by detecting the
percentage of the reference recovered after analysis of three identical bands
of the sample spiked with 8 pg of the reference, using the following equation:

% Recovery = (Concentration of reference in spiked sample
— Concentration of reference un-spiked sample) /

Concentration of added reference X 100

The precision is used to detect the closeness of detected values to each
other and is expressed as inter and intra days percentage relative standard
deviation (% RSD), which was calculated for three different analyses of the
same concentration in the same day and different days. The limit of
detection (LOD) is the least concentration that can be detected by the
method and differentiated from zero. The limit of quantitation (LOQ) is the
least concentration that can be detected with reasonable accuracy and
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Table 6 | Sequences of universal and specific primer used

Target gene Primer Primer Primer sequence from 5’ to 3'
name role
matK 3F_kim  Forward CGTACAGTAC GTGTTTACGAG
primer
1R_kim Reversed ACCCAGTCCATCTGGAAATCTTGGTTC
primer
Annona ASgF1  Forward CCATTTCCGTTTGTTCAAAC
squamosa primer
matk ASQR1  Reversed GGTAAGATTTCCATTTCTTCATC
primer

Table 7 | PCR reagents required per sample

Reagent Volume
COSMO PCR Master Mix 25uL
Forward and reversed primer (20puM) 1pL
DNA template 5puL
Nuclease free water To 50 pL

precision. LOD and LOQ can be calculated as the following:

LCD =3.3 % (Standard deviation of response/ Slop of calibration curve)
LOQ = 10 x (Standard deviation of response/ Slop of calibration curve)

Linearity is the ability of the analytical method to provide a linear relation
between the detected variables and can be estimated by the regression
equation and determination coefficient (R?). The range of the analytical
method is a set of values that can maintain the method’s accuracy, precision,
and linearity from the lower to the upper value and is derived from the study.
The specificity of the analytical method is the ability of this method to detect
the analyte in the presence of many impurities. All these parameters were
calculated in Table 3.

Splenic lymphocyte proliferation assay

MTT method was used to perform the splenic lymphocyte proliferation
assay. The spleens were isolated aseptically from dead mice through cervical
dislocation and washed three times with PBS buffer. To achieve a homo-
genous cell suspension, the spleens were crushed and forced through a steel
mesh (200 mesh). After 5min of centrifugation at 1500 rpm, a
Tris—-HCI-NH,Cl solution (pH 7.2) was used to remove red blood cells. The
cell pellets were then resuspended in RPMI-1640 and diluted to 5 x 10°
cells/mL. The cells were seeded in a 96-well plate containing 100 puL of
culture media per well, then incubated for 24 h. The cells were then treated
with different concentrations of the plant extracts, three wells for each
concentration, and incubated for 48 h. Echinacea extract was used as a
positive control as it was reported to have an immunostimulant effect™.
After the incubation period, the cells were treated with 100 uL of fresh
media containing 10 uL MTT solution (5mg/mL) and incubated for
another 3 h in CO, incubator. The produced formazan crystals were dis-
solved using 100 pL of DMSO. Absorbance was measured at 570 nm against
the control cells, which were treated only with culture media, using a
microplate reader, followed by percentage viability calculation.

Determination of carbohydrates content

The carbohydrate content of the pulp of the two cultivars was compared
using phenol-sulfuric acid method™. 10 mg of D-glucose was dissolved in
distilled water and the volume was adjusted to 10 mL with distilled water to
prepare 1 mg/mL of standard stock solution. 100, 200, 300, 400, 500, and
600 pL of the stock solution were transferred to a 5 mL volumetric flask and
the volume was adjusted with distilled water to prepare 20, 40, 60, 80, 100,
and 120 pug/mL solutions. For preparation of sample solution, 50 mg of

ethanol: water (1:1) fresh pulp extract of each cultivar was dissolved in
distilled water and the volume was adjusted to 10 mL with distilled water to
prepare a 5 mg/mL solution. 100 uL of each sample solution was transferred
to a 5 mL volumetric flask and the volume was adjusted with distilled water
to prepare a 100 pg/mL solution then 1 mL of each standard and sample
solution was separately transferred into a clean vial. Then 500 pL of 4%
phenol was added to each vial followed by 5 min shaking. 2.5 mL of con-
centrated sulfuric acid was added rapidly to the vials. Then the vials were
permitted to cool at room temperature for 5 min. 200 L of each solution
was transferred to a microplate and the absorbance was detected at 490 nm.

Quantitation of Mg®* ions

The magnesium ions content of the two cultivars was compared by
complexometric titration using ethylenediaminetetraacetic acid (EDTA)
as a titrant”. Eriochrome Black T (ErioT) is widely used in calcium and
magnesium ions titration with EDTA®. Murexide indicator, a specific
indicator for calcium®, was used to remove calcium interference. For
determination of total magnesium and calcium, 10 mL of each sample
solution (2.5 mg/mL) was pipetted into a conical flask, then 5mL of
ammonia buffer (pH 10) was added, and one drop of Eriochrome Black T
(EBT) was used as an indicator. The samples were titrated against 0.001 M
EDTA. For calcium determination, 10 mL of each sample solution
(2.5 mg/mL) was pipetted into a conical flask, and the pH was adjusted to
12 by addition of 2 mL of 1 M NaOH. A pinch of murexide powder was
used as an indicator. The samples were titrated against 0.001 M EDTA,
and the end point was calculated.

DNA barcoding for cultivars differentiation

DNA extraction was performed using Quick-DNA plant/seed miniprep kit
from Zymo Research, following the manufacturer’s protocol. In a ZR
BashingBead lysis tube, 150 mg of finely divided leaves of the two cultivars
were mixed with 750 uL BashingBead buffer. The samples were processed at
maximum speed for 5 min using a bead beater, and then the lysis tubes were
centrifuged for 1 min at 10,000 x g. 400 pL of the supernatant was filtered in
a collection tube using a Zymo-Spin III F filter, then mixed after cen-
trifugation for 1 min at 80,000 x g, with 1200 pL of genomic lysis buffer. For
1 min at 10,000 x g, 800 uL of the mixture was centrifuged in a Zymo-Spin
IICR column placed in a collection tube. Zymo-Spin IICR contains a unique
silica-based matrix for DNA purification. The column was then washed
with two buffer solutions, 200 uL DNA Pre-Wash buffer and 500 pL
g-DNA Wash buffer, with centrifugation for 1 min at 10,000 x g with each
buffer. After that, the column was transferred to a microcentrifuge tube of
1.5 mL and 100 pL of DNA elution buffer was added to the column matrix,
and then 30 s of centrifugation at 10,000 x g was applied to elute the DNA. A
Zymo-Spin™ III-HRC Filter was placed in a clean Collection Tube and
centrifuged for 3 min at 80,000 x g after addition of 600 UL of Prep solution.
The eluted DN A was then filtered using the prepared Zymo-Spin™ III-HRC
Filter and centrifuged for 3 min at 16,000 x g. All steps were performed at
room temperature. The eluted DNA was subjected to the following
application, PCR.

Universal and specific marker sequences
The sequences of the selected universal primer (matK) and the specific
primer (Annona squamosa matK) were listed in Table 6.

PCR was conducted according to COSMO PCR RED Master Mix,
Willowfort, protocol. The master mix components were mixed in a clean
and nuclease free Eppendorf for preparation of the master mix. The PCR
reagents required for each sample (Table 7) were mixed and centrifuged
briefly. The mixture was then incubated in a thermocycle using the thermal
profile in Table 8.

Under the mentioned PCR conditions, the products of matK and
Annona squamosa matK primer amplification were about 900 and 400 pb,
respectively.

The PCR products were purified using Genomic DNA Clean &
Concentrator © kit from Zymo Research according to the manufacturer’s
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Table 8 | PCR reaction condition for different primers®

Primer Reaction condition

matK 95°C2min; 35x95°C 155,52°C 20s, 72°C 1 min;
72°C 1 min

Annona 95°C2min; 35x95°C 15s,69°C 20, 72°C 1 min;

squamosa matK 72°C 1 min

protocol. In a microcentrifuge tube, each DNA sample was mixed with five
times its volume of DNA binding buffer and vortexed. After that, the
mixture was transferred to Zymo-spin column, placed in a collection tube,
followed by centrifugation at room temperature for 30 s at 10,000 x g. The
column was washed several times with 200 uL DNA wash buffer, with
centrifugation for 30 s at 10,000 x g at room temperature. The column was
incubated for 1 min after addition of 6 pL of DNA elution buffer and then
centrifuged at room temperature for 30 s at 16,000 x g for DNA elution. The
purified PCR products were then mixed with gel loading buffer and loaded
into agarose gel to be analyzed by electrophoresis.

Chromatogram Explorer lite version 3.2 software was used to remove
the low-quality ends from the sequences obtained from (GATC Biotech,
Germany), and then by using BioEdit Sequence Alignment Editor Version
7.2.5 software, the sequences obtained from forward and reversed primers
were assembled to obtain the combined sequence with the maximum length
for each primer. Using NCBI Blast tool, the sequences were aligned against
each other and against NCBI database.

Statistical analysis

Data were expressed as mean + standard deviation of the mean by the
multiple comparison one-way analysis of variance (ANOVA), using
Microsoft Excel (Microsoft 365 version 2407), with probability (p)-
values < 0.05 considered statistically significant.

Data Availability
All datasets used and analysed during the current study are available from
the corresponding author upon reasonable request.
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