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Abstract
Metabolite profiling of the total ethanolic extract of Prunus amygdalus stem and leaves was carried out for the first time using 
LC-DAD-ESI-MS in the negative ion mode to investigate its chemical composition. Results revealed the identification of 33 
phenolic compounds. Fifteen compounds were investigated in P. amygdalus for the first time and identified as; veratic acid, 
rosmarinicacid, protocatechuic acid-hexoside, 3-O-caffeoylquinic acid (neochlorogenic acid), dihydroquercetin- hexoside, 
coumaroyl-quinic acid, vanillic acid glucoside, cis piceid, hesperidin, dihydrokaempferol, acteoside, quercetin acetyl hexo-
side, homovanillic acid, fisetin-deoxyhexoside. The antioxidant potential of the total ethanolic extract (EE) and the fractions: 
petroleum ether (PE), chloroform (CE), ethyl acetate (EtE), methanol eluted diaion (DME) and diaion eluted with 50% 
methanol (D 50%E) was performed using DPPH assay. The most potent antioxidant EE, EtE and D50%E extracts (compared 
with vitamin C) were selected for further hepatoprotective assessment against hepatotoxicity induced by thioacetamide in a 
dose of 200 mg/kg compared with silymarin (50 mg/kg) as a standard drug. Results revealed the significant reversal of the 
deleterious effects of thioacetamide on serum ALT, AST and total protein in the order: EtE > (Silymarin = EE) > D50% E. 
The biochemical results were corroborated with the histological studies of liver.
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Abbreviations
EE  The total ethanolic extract
PE  Petroleum ether fraction
CE  Chloroform fraction
EtE  Ethyl acetate fraction
DME  Methanol eluted diaion
M50%D  Diaion eluted with 50% methanol

Introduction

Prunus amygdalus (Prunus dulcis, syn. or Amygdalus com-
munis), family Rosaceae; known as sweet almond, is native 
to warmer part of Western Asia and of North Africa [1]. 
The cultivated area in Egypt occupies about 15,944 feddans 
yielding mainly (22,292 tons/year), most of this acreage is 
located in North Sinai,West Nubaria, Matrouh, South Sinai 
and Alexandria [2].

The nutritional importance of almond is related to its 
kernel [3]. Almond seeds are consumed as snacks or used 
as ingredients for processed foods such as various baker-
ies, confectioneries, and chocolates. Whereas the inedible 
counterparts, including almond by-products; hull, shell, and 
skin and the other aerial parts of leaves and stems are dis-
carded or used as fuel material or livestock feed (Agricul-
tural, Forest + Urban, Green By-Product Marketing + Recy-
cling). Almond has recently been associated with a number 
of health benefits include powerful free radical scaveng-
ing capacities, [4] hepatoprotective, [5] antidiabetic, [6] 
cholesterol-lowering effect, [7] and anticancer activity [8]. 
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Phytochemical investigation of almonds have resulted in the 
identification phenolic acids and flavonoids from kernels and 
skins. In addition, flavonoids, chlorogenic acid derivatives 
and triterpenes were reported from the hulls [3, 9, 10].

Most of the previous reports focused on the investigation 
of the phenolic content and antioxidant activity of the edible 
part of almond and its by-products (hulls, shells and skins) 
[3, 11]. With the exception of the reference which described 
the antioxidant activity and the total phenolic content of 
some varieties of P. amygdalus [12] no enough literature are 
available on the phenolic content and medicinal value of the 
leaves and stems of the plant. Therefore, the current study 
aimed at the investigation of the phenolic content of almond 
stems and leaves (waste products) in an Egyptian cultivar, 
using HPLC/DAD/MSn and to explore the anti-oxidant and 
heptoprotective effects of the phenolic rich fractions.

Materials and methods

Plant materials

Aerial parts (Leaves and stem) of P. Amygdalus Batsch, 
cultivar “Umm Alfahm”, were collected in Autumn 2011 
from Al-basateen Farms at West Nubaria region, Egypt. 
Plant identity was kindly authenticated by Dr. R. S. Hamdi, 
Associate Professor of Plant Classification, Department 
of Plant, Faculty of Science, Cairo University. Leaves and 
stems of the plant under investigation were separately air-
dried, coarsely powdered and kept in tightly closed amber-
coloured glass containers at room temperature (25 °C). A 
voucher specimen (P-335) was kept at the Herbarium of the 
Department of Pharmacognosy, Faculty of Pharmacy, Cairo 
University.

Chemicals

All solvents for extraction and fractionation were purchased 
from (El-gomhoria Co. for Drugs—Egypt). Methanol and 
acetonotrile were HPLC grade (J.T. Baker, Phillipsburg, NJ, 
USA), deionized water was treated with pure aqua RC655. 
Absolute methanol and formic acid HPLC grades were pur-
chased from Merck (Darmstadt, Germany).

Standards and reagents

Hesperidin, rutin, quercetin, naringenin, catechin, kaemp-
ferol, dihydrokaempferol, rosmarinic acid, protocatechuic 
acid, and chlorogenic acid were kindly supplied by Agri-
cultural Research center, Food Technology Research Insti-
tute, Giza, Egypt. Thioacetamide (TAA) and 1,1-diphenyl-
2-picrylhydrazyl (DPPH), (Sigma—St Louis, MO, USA); 
silymarin  (instant®) [13], SEDICO—Egypt.

Sample preparation HPLC

A dried powdered stems and leaves of P. amygdalus culti-
var “Umm Alfahm” (5 g, each) were extracted with ethanol 
70% using sonication at room temperature. The extracts 
were filtered and separately evaporated under vacuum, 
using BUCHI Rotavapor, (Swizerland) R-100 at 45 °C and 
adjusting vacuum to 250 mbar. The dried residue of each 
organ was suspended in water and defatted with petroleum 
ether then extracted with ethyl acetate (3 × 10 ml). The 
combined ethyl acetate fractions of each organ was con-
centrated under reduced pressure.

The concentrated residues were separately and accu-
rately dissolved in HPLC grade methanol to a concentra-
tion of 10 mg/ml then filtered through a syringe-filter-
membrane (0.45 µm pore size) before injection.

LC‑DAD/ESI‑MS of phenolic compounds

LC-instrument was performed using a Dionex Ultimate 
300 (Bremen, Germany) composed of a quaternary pump 
with an on-line degasser, a thermostatted column compart-
ment, a photodiode array detector (DAD), an auto sam-
pler, and Chromelon software. The HPLC separation was 
performed on Zobrax SB-C18 column (150 mm × 4.6 mm, 
1.8 μm, Agilent Company, USA). Mobile phase (A) ace-
tonitrile and (B) 0.2% formic acid. The gradient program 
was A(10%) (0–36 min); A(70%) (50 min); A (100%) 
(60 min). Chromatography was performed at 30 °C with 
a flow-rate of 0.8 ml/min. UV traces were measured at 
254 and 280 nm. and UV spectra (DAD) were recorded 
between 190 and 900 nm. Total run time was 60 min. The 
injection volume for all samples was 5 μl.

The mass detector consisted of electrospray ionization 
(ESI) interfaced Bruker Daltonik Esquire-LC Amazon 
SL Ion Trap Mass spectrometer (Bremen, Germany) and 
Dionex Ultimate 300 (Germany) composed of a quaternary 
pump with an on line degasser, a thermostatted column 
compartment, a photodiode array detector (DAD), an auto 
sampler, and Hystar software. The ionization parameters 
were as follows: capillary voltage 4000 V, end plate volt-
age − 500 V; nebulising gas of nitrogen at 50 p.s.i.; drying 
gas of 10 l/min nitrogen at 350 °C. Mass analyzer scanned 
from 15 to 1000 μ. The MS/MS spectra were recorded in 
auto-MS/MS mode. The fragmentation amplitude was set 
to 1.0 V. MS2 data were acquired in negative mode.
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HPLC analysis of phenolic compounds 
and flavonoids

HPLC Agilent (series 1100) equipped with autosampling 
injector, solvent degasser, ultraviolet (UV) detector set at 
280 nm for phenolics and 330 nm for flavonoids determi-
nation, and a quaternary pump. The column temperature 
was maintained at 35 °C temperature for each. The column 
used for separation was zorbax ODS 5 μm (4.5 × 250 mm). 
Gradient separation was carried out using methanol and 
acetonitrile (2:1) as a mobile phase at flow rate of 1 ml/
min. Authentic phenolics and flavonoids were dissolved in 
suitable solvent and injected into HPLC.

Sample preparation for antioxidant activity 
and biochemical study

The air dried powder aerial parts (leaves and stems) (1.3 kg) 
of P. amygdalus Batsch was exhaustively extracted with 70% 
ethanol. The combined extracts of each organ was concen-
trated under vacuum (45 °C), to obtain 290 g dry residue 
(EE). An aliquot of the EE was suspended in 80 ml water 
successively fractionated with petroleum ether, dichlo-
romethane, and ethyl acetate, (200 ml × 4, for each solvent). 
The remaining aqueous fraction was eluted on diaion HP20 
column using water, 50% methanol and 100% methanol. The 
combined extract of each solvent was concentrated under 
reduced pressure to give the residues PE, CE, EtE, DME 
and D50% E, respectively, for antioxidant activity and bio-
chemical analysis.

Experimental animals

Male wistar albino rats, weighing 200–250 g obtained from 
the animal house of the faculty of Medicine, Cairo Univer-
sity, Egypt. Animals were kept under controlled laboratory 
conditions for at least 1 week before starting the experi-
ments. Animals were allowed free access to tap water and 
rat chow ad libitum during the entire experiment as approved 
by Committee of Ethics on Faculty of Pharmacy, Cairo Uni-
versity (#MP332).

In vitro DPPH scavenging activity

The antiradical activity of the EE, CE, EtE, DME and 
D50%E prepared from the aerial parts of P. amygdalus 
Batsch was determined spectrophotometrically in a UV–Vis 
micro plate reader based on a previously described method 
[14]. Methanolic solution of DPPH (0.065 mM, 100μL) was 
mixed with 20 μl of test solutions at different concentrations 
1, 10, 100, 1000 µg or a standard solution (vitamin C) in a 
96 well plate. The reaction was allowed to stand for 30 min 
at room temperature before the absorbance was recorded at 

517 nm. Methanolic solution of DPPH was used as a nega-
tive control. The optical density was recorded and % inhi-
bition was calculated using the following formula (Eq. 1): 

where B is the optical density of the control and A is the 
optical density of the sample. All samples were carried out 
in triplicate, data was represented as  IC50 values.

In vivo hepatoprotective activity

Thirty-six animals were randomly divided into six groups 
(n = 6, each). One group of animals, served as control, was 
treated with an equivalent volume of normal saline based on 
body weight. Groups 2–6 were administered TAA (200 mg/
kg) [15], dissolved in normal saline, intraperitoneally three 
times a week to induce hepatotoxicity [16]. Group 2 left 
untreated while groups 3–5 were orally administered with 
300 mg/kg EE, EtE and M50%D, respectively [17]. Extracts 
are of the aerial parts (leaves and stems) of P. amygdalus 
Batsch. The sixth group was orally treated with silymarin 
(50 mg/kg) daily,[18] as a standard drug, successfully used 
in the prevention and treatment of liver diseases [16]. The 
treatment procedure was considered for 4 weeks. At the end 
of the experiment, rats were sacrificed, blood samples were 
collected and serum was separated immediately and stored 
at − 80 °C for biochemical analysis. Livers were excised, 
washed with ice-cold normal saline, blotted on filter paper 
and weighed. Tissue samples from the liver were taken for 
histopathological examination.

Biochemical analysis

Serum levels of alanine transaminase (ALT) and aspar-
tate transaminase [19] were estimated using kits provided 
by Quimica Clinica Aplicada (Spain). Serum protein level 
was measured by using a commercial kit supplied by Bio-
diagnostic (Egypt).

Histological examination

Liver specimens were fixed in 10% formaldehyde and sub-
sequently embedded in paraffin and slices of 4 µm thickness 
were made, followed by staining with hematoxylin and eosin 
(H&E) and examined under light microscope [20].

Statistical analysis

Statistical analysis was performed by GraphPad InStat soft-
ware ver. 5 (GraphPad software, San Diego, Ca., USA). 
Means and standard error of means were calculated and 
statistical significance was tested by one-way ANOVA. 

(1)% inhibition of DPPH activity =
B − A

B
× 100
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The strength of association between pairs of variables was 
assessed by Pearson correlation coefficient. The level of sig-
nificance was set at p < 0.05.

Results and discussion

Identification of the phenolic compounds in P. 
amygdalus by HPLC‑DAD‑ESI‑MS/MS

Previous studies used atmospheric pressure chemical ioni-
zation (APCI) or electron spray ionization (ESI) source in 
positive- or negative-ion modes while investigating phenolic 
compounds from different plants. The results indicated that 
the ESI source at negative-ion mode with a MS/MS was 
best for the analysis of phenolic compounds, therefore it 
was selected for the current study [21, 22]. A typical HPLC-
negative mode ESI base peak chromatogram (BPC) of the 
ethanolic extract and ethyl acetate fraction of P. amygdalus 
is shown in Fig. 1a, b. The analytical data recorded in the 
negative ion mode and included: retention time (Rt), depro-
tonated molecular ion [M–H]−, the major MSn fragment 
ions of each peak for each of the identified constituents are 
illustrated in Table 1. This method allowed for the separation 
of all compounds in a period of time < 60 min. The detec-
tion of flavonoids (flavanols, flavonols and flavanones) and 
phenolic acids are eluted between Rt 2.8 and 28.1 min which 
is quit suitable if compared with the methods described by 
others [9, 23] for their detection of less number of phenolics 
in almond skin. In the current study, a total of 33 pheno-
lics, were tentatively identified in the ethanolic extract of 
the aerial parts while 26 of them are present in ethyl acetate 
fraction.

HPLC separation of polyphenolics

HPLC analysis was performed using Zobrax SB-C18 col-
umn proved to be very effective for the separation of phe-
nolic acids from flavone and flavonol glycosides by gradient 
elution with acetonitrile and 0.2% formic acid.

The occurrence of flavonoids in Prunus species has been 
reported previously with aglycones belonging to, flavonols 
and flavanonols, flavan-3-ols and flavones [11]. In this 
investigation, a high resolution of the complex profiles of 
the extracts of leaves and stems of P. amygdalus are well 
presented, several flavonoids were identified in their free, 
glycosylated forms and/or esterified with acyl group. MSn 
fragmentation of the ion [M–H]− gave the deprotonated 
aglycone ion Y−

0
 by the loss of the sugar part. The nature of 

the glycoside identification was based on the neutral losses 
of hexoside, caffeoyl, rhamnoside and coumaroyl residues 
(− 162, − 162, − 146 and − 146 Da, respectively). For free 
aglycones, gave as a characteristic ion of the deprotonated 

molecule [M–H]− and ions corresponding to retro-Diels-
Alder (RDA) fragmentation in the C-ring involving 1,3-scis-
sion [24].

Identification of flavonoids

The ethyl acetate fraction prepared from the ethanol extract 
of P. amygdalus is analyzed by reversed-phase HPLC-
DAD-MS-MS. Results in Table 1 and Fig. 2 revealed the 
detection of ten flavonols, 3 dihydroflavonols, 4 flavanones, 
two flavan-3-ols, two flavan-3-ols dimers and one flavone. 
Keeping in consideration that both flavanones and flavones 
have strong UV absorptions between 270 and 280 nm, while 
flavones have their UV absorption between 320 and 330 nm. 
A comparison of the chromatograms recorded with detection 
at 280 nm for phenolics determination and at 330 nm for 
flavonoids determination (Fig. 1), by matching the reten-
tion times and their mass fragmentation characteristics in 
the MS2 experiments against standards and with reported 
data allowed the identification of the most abundant phenolic 
compounds.

Flavonols

Previously published work demonstrates that the glyco-
sides of quercetin, kampferol and isorhamnetin present 
in almond are mostly linked at position 3 of the flavonol 
molecule. the UV spectrum indicates that the sugar resi-
dues are linked to the hydroxyl at the 3-position of the 
flavonol molecule, as the UV maximum is always below 
350 nm [25]. MSn fragmentation of the ion [M–H]− of the 
standards produced a major fragment specific for flavone 
and flavonols at m/z 151 with different intensities, origi-
nating from a cleavage of the heterocyclic C-ring by RDA 
[26], this detection agrees with the peaks 29 and 32 (at 
Rt 25 and 27.3, respectively) corresponding to quercetin 
and kaempferol that have [M–H]− at m/z 301 and 285, 
respectively. Peak 33 at Rt 27.9 shows a molecular ion 
[M–H]− at m/z 315 produced MS2 fragments fragment 
ions at m/z 300 due to loss of one  CH3 group which agrees 
with that of isorhamnetin [27]. The detection of free agly-
cones is commonly an indication of the presence of their 
glycosylated forms, five flavonol-O-glycosides identified 
as 2 kaempferol-O-hexosides, kaempferol-3-O-rutinoside, 
isorhamnetin-3-O-glucoside, quercetin-3-O-rutinoside 
(rutin), appeared at peaks 13, 21, 22, 23, 27 and reten-
tion times 15.2, 22, 22.4, 22.5, 23.9, respectively, their 
spectra showed the deprotonated [M–H]− molecule of the 
glycosides at m/z 447, 447, 593, 477 and 609 respectively, 
the spectra of 22 and 23 are compared with our previous 
identification in Magnolia grandiflora flower [27], and the 
[A–H]− ion corresponding to the deprotonated aglycone 
 (Y0

−) are formed by losing the sugar moieties from the 
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Fig. 1  Typical HPLC-negative mode ESI-MSn base peak chromatogram (BPC) profile of leaves and stems of Prunus amygdalus Batsch. a Etha-
nolic extract, b ethyl acetate fraction
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corresponding glycosides [9, 28]. The  [Y0–2H–CO]− frag-
ment was described exclusively in the MS/MS spectra of 
3-O-monoglycosyl flavonoids [29]. A flavonol glycoside 
at peaks 26 appeared at Rt (23.7) shows [M–H]− at m/z 
505, according to its MS2 spectra, releasing fragments 
corresponding to the loss of the acetyl residue (-42 Da) 
[M–H–42]−, so appeared at m/z 463 and further losses of 
hexosyl moiety (– 162 Da), it gives m/z 301 of aglycone 
quercetin [30] and another flavonol peak 30 appeared at 
Rt 25.3; its ion [M–H]− observed at m/z 593, exhibited 

abundant fragment at m/z 285 due to the loss of − 308 Da 
indicates a deoxyhexose and a hexose sugar part, which 
are supposed to be in a chain linked to the –OH group 
at position 3 compared with the peaks intensities of the 
other 3-O-glycosides identified in the present spectra and 
based on the radical aglycon ion to aglycon ion ratio (m/z 
284:285 = 120:100%) [31]. The main fragment at m/z 285 
of the flavonoid skeleton correspond to aglycone fisetin 
as compared with NIST. The two flavonoid glycosides at 
peaks 26 and 30 were identified as quercetin acetylhexo-
side, fisetin-hexoside-deoxyhexoside.

Table 1  The relative percentages, fragmentation patterns and retention times of the identified compounds in the ethanolic extract of leaves and 
stems of P. amygdalus Batsch

Peak no. Identity EE EtE Rt M wt [M–H]− Fragmentation pattern

1 Veratric acid + + 2.8 182 181 162.9, 148.9, 131, 119, 101.1
2 Rosmarinic acid + – 8.4 359 358 312.1, 160.9, 197, 179.2, 134.9
3 Procyandin B1 + + 8.8 577 576 562.9, 504.1, 450.8, 428.8, 425, 406.9, 289, 273, 

241
4 Procyandin B2 + + 9.1 577 576 553.9, 528.1, 450.8, 424.8, 406.9, 341.2, 304.9, 

289, 273, 245.1, 202.9
5 protocatechuic acid hexoside + – 9.3 316 315 315, 224.9, 194.9, 180.9, 165, 153, 135, 109.1
6 3-O-Caffeoylquinic acid (neochlorogenic acid) + – 10 354 353 191,179, 173, 135
7 Carnosic acid + + 10.6 332 331 312.9, 287, 285.1, 244, 161, 123
8 Dihydroquercetin-hexoside + + 11.2 466 465 303, 285, 177
9 Catechin + + 11.8 290 289 270.8, 245.1, 205, 179, 125.1
10 Coumaroyl-quinic acid + – 12.2 338 337 191, 173, 163, 119, 93
11 5-O-Caffeoylquinic acid (Chlorogenic acid) + – 13.2 354 353 191, 179, 173, 135
12 Epicatechin + + 14.7 290 289 270.9, 245, 205, 179, 137.1
13 Kaempferol-O-hexoside + + 15.2 448 447 327, 303.1, 285, 255, 227, 177
14 Vanillic acid glucoside + + 16 330.2 329 269, 251.1, 220.9, 208.9, 191, 167, 123
15 Dihydroquercetin + + 18.1 304 303 285, 243, 241, 217, 213, 193,177, 175, 125
16 cis Piceid + + 18.7 390 389 343.1, 227, 181
17 Vanillic acid + + 19.6 168 167 167, 152,151, 123, 122, 108
18 Naringenin-O-glucoside (prunin) + + 20.3 434 433 271
19 Hesperidin + – 20.5 609 608 609, 447, 343.1, 301, 271, 255, 178.9
20 Dihydrokaempferol + + 20.7 288 287 259, 243.1, 201, 125.1
21 Kaempferol-O-glucoside + + 22 448 447 327, 303.1, 285, 255, 227, 177
22 Kaempferol-3-O-rutinoside + + 22.4 594 593 327, 284, 285, 257, 229
23 Isorhamnetin-3-O-glucoside + + 22.5 478 477 448.8, 357.1, 315, 314.1, 300, 285.1, 271, 243
24 Acteoside + + 22.8 623 622 461, 315, 300.1, 271, 179, 135, 113
25 Eriodictyol + + 23.1 288 287 269, 151, 135.1, 107.2
26 Quercetin acetyl hexoside + + 23.7 506 505 463, 444.7, 301, 300.1, 271, 178.9
27 Quercetin-O-rutinoside (rutin) + + 23.9 610 609 610 ,588, 560, 462.7, 301
28 Homovanillic acid + + 24.4 182 181 167, 165.9, 137, 139.1, 113
29 Quercetin + + 25 302 301 273, 257, 229, 210.9, 192.9, 179, 151, 121.1, 107.1, 

106
30 Fisetin-deoxyhexoside + – 25.3 594 593 544.1, 446.7, 307, 285, 284, 255, 234, 227, 151
31 Naringenin + + 25.5 272 271 177, 165, 151, 119.1, 107.1
32 Kaempferol + + 27.3 286 285 267, 257, 238.9, 229, 214, 185, 168.9, 150.9
33 Isorhamnetin + + 27.9 316 315 315, 300.1
34 Apigenin + + 28.1 270 269 241, 225, 206.9, 201, 183, 158.9, 149, 117.1
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Dihydroflavonols

Three compounds appeared at peaks 20, 15, 8 at Rt 20.7, 
18.1, 11.2, respectively. Peak 15 gave [M–H]− at m/z 303. 
The fragment ion at m/z 285 (M–H–18)− suggested the 
presence of 3–OH group indicated its flavanonol type, 
m/z 243, neutral loss of 42 Da  (C2H2O), suggested the 

presence of 4′–OH as reported by Zhang et al. [32] and 
comparing with NIST. It was identified as dihydroquer-
cetin (taxifolin), its glycoside, hexoside appeared at peak 
8 gave [M–H]− at m/z 465 and  MS2 spectrum of m/z 303 
(− 162 Da) [33]. Compound 20 showed [M–H]− at m/z 
287 and an ion at m/z 259 [M–H–H2O]− indicated its fla-
vanonol type and it was dihydrokaempferol (NIST).

Fig. 2  Chemical structures of identified flavonoids and phenolic acids from P. amygdalaus extracts
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Flavanones

Peaks 18, 19, 25, and 31 appeared at Rt 20.3, 20.5, 23.1, and 
25.5, respectively. They are considered of flavanones skel-
etons, usually occur as O-mono- or O-diglycosides deriva-
tives with glucose or rutinose sugars bound to the aglycone 
hydroxyl group mostly at C-7 [29]. Compound 18 with pre-
cursor and product ion were m/z 433 and 271, respectively, 
indicating the loss of glucose (– 162) which agreed with 
naringenin-7-O-glucoside (prunin). The aglycone of this 
glycoside is detected at peak 31 with [M–H]− at m/z 271 
compared with standard [9, 34]. Peak 19 observed at m/z 609 
[M–H]−, that is the precursor of hesperidin, compared with 
reference sample and NIST data base. The fragment m/z 463 
was generated by the loss of one sugar unit (rhamnose) from 
the pseudomolecular ion [M–H]− (m/z 609). Subsequent loss 
of a glucose unit generates the ion m/z 301, which is easily 
assignable to the hesperetin [35]. Also peak 25 observed at 
m/z 287 [M–H]−, that is basic ion of eriodictyol and product 
ions 269[M–H–H2O]−, 151 as a result to ring A fragment 
(1,3A) [9].

Flavan‑3‑ols

Compounds at peaks 9 and 12 appeared Rt 11.8 and 14.7 
are the two stereoisomers catechin and epicatechin, respec-
tively. Compared with standards, NIST data base and pre-
vious work [28]. The peaks 3 and 4 at Rt 8.8 and 9.1 are 
dimeric procyanidins (Fig. 3) with [M–H]− at m/z 577, gave 
characteristic fragmentation of B-type dimer at m/z 425 
[M–H–152]− from Retro-Diels-Alder  (RDAF) rearrangement 
of the heterocyclic ring C, at m/z 407 [M–H–170]− from 

RDA of the heterocyclic ring and loss of  H2O, at m/z 451 
[M–H–126]− from cleavages of Heterocyclic ring fission of 
ring C  (HRFC) of one pyran ring [28].

Flavones

The only flavone was identified at peak 34, found to be api-
genin with [M–H]− of m/z 269 and product ion m/z 117 com-
pared with NIST data base and previous literature [34, 36].

Phenolic acids

phenolic acids present in arial parts of P. amygdalus belong-
ing to the hydroxycinnamic, hydroxyl benzoic and phenolic 
acids sub-group (Fig. 2).

Hydroxycinnamic acids

Three quinic acid derivatives are found at peaks 6 and 11 
appeared at Rt 10 and 13.2 min, respectively (two mono-
caffeoylquinic acids) and a peak 10 at 12.2 min of (one 
coumaroylquinic acid). According to their MS behavior 
and comparison of 6 and 11 with reference substances. 
Their spectra showed a deprotonated molecular ion at m/z 
353 of a monocaffeoylquinic acid, which was first detected 
through fragmentation in the MS/MS experiment pro-
duced a base peak at m/z 191 (for quinic acid) and gave a 
dehydrated quinic acid moiety (m/z 173) as base peak and 
caffeic acid (m/z 179) as a prominent fragment. This frag-
mentation is typical of 3-O-caffeoylquinic acid [34] and 
5-O-caffeoylquinic acid. They gave the same base peaks, 
but can be differentiated by a comparatively intense caffeic 
acid ion at m/z 179.5 for 3-O-caffeoylquinic acid (with inten-
sity of ~ 50% compared with > 5% of the 5-O-caffeoylquinic 
acid). These data are identical to those reported by Fang 
et  al. [37] and Clifford et  al. [38]. The occurrence of 
5-O-caffeoylquinic acid in almond has also been reported by 
Monagas et al. [39]. Peak 10 showed [M–H]− at m/z 337 and 
presented m/z 163 [p-coumaric acid–H]− as base peak and 
the pronounced fragments at m/z 191 (quinic acid unit), m/z 
173 [quinic acid–H–H2O]− [31] and identified as coumaroyl-
quinic acid. Peaks 2, 28 at Rt 8.4, 24.4 are two hydroxy-
cinnamic acids. Peak 2 shows a molecular ion [M–H]− at 
m/z 358, its  MS2 fragmentation ions at m/z 197.0 indicates 
2-hydroxy derivative of hydrocaffeic acid (danshensu) and 
at m/z 179.2 caffeic acid moiety which

represents the structure of rosmarinic acid via an ester 
link. The fragment appeared at 160.9 due to the loss of  3H2O 
160.9 (197.0–2H2O) and (179.2–H2O). This characteristic 
fragmentation is found corresponding to rosmarinic aid [40]. 
Peak 28 at Rt 24.4 min showed [M–H]− at m/z 181 and MS2 
fragments at m/z 167, and 137 corresponding to homovanil-
lic acid according to NIST data base and previous data [40].Fig. 3  Major mass fragments of procyanidins
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Benzoic acids

Peaks 1, 14, 17 appeared at Rt 2.8, 16, 19.6 min. of three 
benzoic acid derivatives. Compound 17 has [M–H]− at m/z 
167 and produced base peak ion at m/z 123 [M–H–CO2]− and 
other fragments at m/z 152 [M–H–CH3]− and at m/z 108 
[M–H–CO2–CH3]− this fragmentation agreed with vanillic 
acid (3-methoxy-4-hydroxybenzoic acid) compared with 
NIST data base and previous data [41]. Compound 1 has 
[M–H]− at m/z 181. The MS2 product-ion analysis of the 
parent ion provided a fragmentation pattern of 4-methyl-
ated derivative of vanillic acid (veratic acid). The presence 
of [M–H]− of compound 14 at m/z 329 is relevant to vanil-
lic acid glucoside that produced a characteristic ion of the 
vanillic acid at m/z 167 by the neutral loss of the glucosyl 
residue (162 Da) [41].

Other phenolic acids

Two phenolic acid glycosides at peaks 5, 24 and Rt 9.3, 
and 22.8. The appearance of peak 24 showed m/z at 622 
[M–H]− that losses (− 162 Da) of a hexosyl moiety to give 
m/z 461 and a deoxyhexose (-146 Da) to give m/z 315. the 
fragment at m/z 179 and the low-abundant ion produced 
at m/z 161 after loss of a water molecule, these data were 
identical with acetoside [42]. Peak 5 was identified as pro-
tocatechuic acid hexoside, with [M–H]− ion at m/z 315 and 
the resulting fragment at m/z 153 after the loss of 162 and 
[M–H–hexose–H2O]− at m/z 135 [19].

In the present study, Compounds 1, 2, 5, 6, 8, 10, 14, 16, 
19, 20, 24, 26, 28, 30, 34 are reported in P. amygdalus for 
the first time. Compounds 8 and 20 are previously reported 
in other Prunus species and the other compounds are newly 
reported in the genus. To our knowledge the report repre-
sents the first investigation of the different phenolics in the 
ethanolic extract of leaves and stems of P. amygdalus.

DPPH scavenging activity

In the present study the DPPH scavenging activity of the 
EE, PE, CE, EtE, DME and M 50%D of aerial parts of 
P.amygdalus was carried out in comparison to vitamin C as 
a positive control (Table 2). EtE showed the most potent free 
radical-scavenging effect with  IC50 of 0.84 mg/ml compared 
to vitamin C (0.68 mg/ml). DME showed good results with 
 IC50 of 0.87 mg/ml followed by EE and M50%D fractions, 
with  IC50 0.88 and 0.89 mg/ml, respectively. A previous 
report [12] discussed the DPPH scavenging effect on the 
methanolic extracts of leaves and stems of P. amygdalus in 
different seasons. It differs from our study, that the authors 
focused on the highly potent antioxidant fraction(s) prepared 

from the total ethanolic extract (EE). The extracts showing 
most potent antioxidant effects were investigated for their 
hepatoprotective activity.

Hepatoprotective activity

Biochemical findings

Liver injury by drugs and chemicals represents a great 
challenge in pharmaceutical industry. Thioacetamide is an 
example of compounds that have been used as model hepa-
totoxicants. The hepatotoxicity of thioacetamide causes a 
rise in serum transaminases and bilirubin. Chronic admin-
istration of thioacetamide in the diet causes liver cancer in 
male rats. More recently, the in vivo use of thioacetamide 
in rodents as a model hepatotoxin produced highly selective 
liver damage including cirrhosis [43], fibrosis [44] as well 
as hepatic necrosis/apoptosis [45]. TAA requires metabolic 
activation to elicit its toxicity via two oxidations, leading 
first to its S-oxide and then to its chemically reactive S,S-
dioxide. then reacts with proteins by modifying lysine side 
chains. This presumably leads to impairment of function and 
cytotoxicity [46].

In the present study, treatment with TAA increased the 
AST and ALT levels by 80 and 186%, respectively, and 
decreased the serum protein level by 19% (Table 3). These 
findings verify generalized tissue damage. Administration 
of EE, EtE and M50%D (in a dose of 300 mg/kg, each) and 
silymarin (50 mg/kg) resulted in significant reversal of the 
various obtained deleterious effects of TAA on blood param-
eters (Table 3). EtE returned the AST, ALT and protein to 
normal values with more potent effect than sylimarin. On the 
other hand, EE and M50%D reduced the AST and ALT to 
58.83, 19.13 and 59.9 and 18.42 U/L, respectively.

Table 2  Results of DPPH 
scavenging activity of ethyl 
alcohol extract and its fractions 
of P. amygdalus 

EE ethanol extract, PE petro-
leum ether fraction, CF chloro-
form fraction, EtE ethyl acetate 
fraction, DME Diaion methanol 
fraction, M50%D Diaion eluted 
with 50% methanol fraction
a IC50 is the extract concentra-
tion at which 50% inhibition of 
DPPH was achieved

Fractions IC50 (µg/ml)a

EE 880
PE > 1000
CF > 1000
EtE 840
DME 895
M50%D 870
Vitamin C 680
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Histopathological findings

As shown in (Fig. 4), the liver of normal control rat revealed 
no histopathological alteration. Normal histological struc-
ture of the central vein and surrounding hepatocytes were 
recorded (A). By contrast, liver sections from rat receiving 
TAA showed focal hyperplastic nodular formation as well 
as hyperplasia in the bile ducts with newly formed one (B). 
Fibrosis with inflammatory cells infiltration were dividing 
the hepatic parenchyma into nodules (C). The hepatocytes 
showed also karyomegalocytosis with prominent nucleoli 
(D). Concurrent administration of EE, EtE, D50%E and 
Silymarin improved the alterations in liver morphology (E, 
F, G & H respectively). EtE was the more potent protector 
of the liver. The protection of EE was similar to that of the 
Silymarin. While D 50%E was the lowest protector extract. 
As evidenced by the disappearance of hyperplastic reactions 
and karyomegalocytosis in EE, EtE and Silymarin while still 
present in D50%E. Inflammatory reaction was the lowest in 
EtE (Table 3).

Conclusion

In the current study, the HPLC combined with high resolu-
tion mass spectrometer technique is used to identify phe-
nolics in the ethanolic extract and the ethyl acetate frac-
tion prepared from the by-products aerial parts (leaves and 
stems) of P. amygdalus without extensive sample prepara-
tion. The composition of the compounds were based on 
their exact mass determination, their structural informa-
tion is described by fragmentation of their parent ions and 

comparing them with literature data. In the current study, 
results revealed the identification of 33 compounds clas-
sified as 22 flavonoids and 11 phenolic acid, they are all 
identified in the by-products under investigation for the 
first time. Compounds, veratic acid (1), rosmarinicacid (2), 
protocatechuic acid hexoside (5), 3-O-caffeoylquinic acid 
(neochlorogenic acid) (6), dihydroquercetin- hexoside (8), 
coumaroyl-quinic acid (10), vanillic acid glucoside (14), 
cis piceid (16), hesperidin (19), dihydrokaempferol (20), 
acteoside (24), quercetin acetyl hexoside (26), homovan-
illic acid (28), fisetin-deoxyhexoside (30), apigenin (34) 
are reported in P. amygdalus for the first time. Moreover, 
with the exception of protocatechuic acid-hexoside, dihy-
droquercetin- hexoside, dihydrokaempferol and apigenin 
the other phenolics are first investigated in genus Prunus.

Comparing the identified compounds in ethanolic 
extract and ethyl acetate fraction, revealed that seven com-
pounds are lacked in the ethyl acetate fraction. They were 
2 phenolic acids; rosmarinic aid (2) and protocatechuic 
acid hexoside (5); 3 quinic acid derivatives; coumaryl-
quinic (6), neochlorogenic (10) and chlorogenic acid (11) 
and 2 flavonoids; fisetin deoxyhexoside (19) and Hesperi-
din (30). The ethyl acetate fraction rich in polyphenols 
exhibited a significant antioxidant and hepatoprotective 
effects compared with vitamin C and silymarin, respec-
tively. In conclusion, waste products of the P. amygda-
lus Batsch, cultivar “Umm Alfahm” had hepatoprotective 
activity that may be related to higher polyphenol contents 
and anti-oxidant activity. The current results confirmed the 
importance of using almond waste products as a source of 
hepatoprotective nutraceuticals.

Table 3  Effect of ethanol, ethyl acetate, 50% methanol fractions and silymarin on serum ALT, AST and total protein in TAA-induced hepatic 
injury in rats and the severity of the reaction in the liver according to the histopathological alterations

Data are expressed as mean ± SEM of 6 animals
EE total ethanol extract, EtE ethyl acetate extract, M50%D 50% methanol extract by diaion, ++++ represents very severe, +++ represents 
severe, ++ represents moderate, + represents mild, – represents nil
* Significantly different from the control group at p < 0.01
** Significantly different from the control group at p < 0.001
#  Significantly different from the TAA-treated group at p < 0.05
##  Significantly different from the TAA-treated group at p < 0.01
###  Significantly different from the TAA-treated group at p < 0.001

Groups Control TAA EE EtE M50%D Silymarin

AST (U/l) 51.27 ± 4.67 92.25 ± 5.43** 44.17 ± 2.99### 58.83 ± 1.72### 59.93 ± 2.87### 58.22 ± 1.26###

ALT (U/l) 14.58 ± 1.43 41.75 ± 5.43** 11.88 ± 0.97# 19.13 ± 1.89# 18.42 ± 1.63# 20.57 ± 2.64#

Protein (g/dl) 5.52 ± 0.15 4.48 ± 0.22* 5.3 ± 0.18# 5.08 ± 0.19 5.57 ± 0.23## 5.45 ± 0.15#

Hyperplastic reaction – ++++ – – ++ –
Inflammatory reaction – +++ ++ + ++ ++
karyomegalocytosis – +++ – – + –
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Fig. 4  Photomicrographs of liver sections from A normal control 
rat (H&E, 40X), normal architecture of central vein (CV) and sur-
rounding hepatocytes (h). B, C and D TAA group (H&E, 40X, 40X 
& 160X respectively), B nodular hyperplasia in hepatic parenchyma 
(h) as well as in the bile duct (b), C fibrosis (f) with inflammatory 
cells infiltration (m)dividing the hepatic parenchyma into lobules or 
nodules, D karyocytomegaly of the hepatocytes (k) with prominent 
nucleolus (arrow). E EE group (H&E, 40X) sever dilatation in portal 

vein (PV) with inflammatory cells infiltration (m) in the portal area 
and degeration on the hepatocytes (d). F EtE group (H&E, 40X), 
focal inflammatory cells infiltration (m) in the degerated hepatic 
parenchyma (d). G D50%E group (H&E, 40X), fibrosis with inflam-
matory cells infiltration (m) in the hepatic parenchyma with nodular 
hyperplasia (h). H Sil group (H&E, 40X), fibrosis with inflammatory 
cells infiltration (m) dividing the degenerated hepatic parenchyma 
into nodules (d)
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