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The extract of Ananas comosus leaf (EAL) was proved to be antihyperlipidemia and antihyperglycemia
consisting of rich phenolic acids. Pharmacokinetic study showed p-coumaric acid was a rich
compound detected in the mouse plasma after EAL oral administration. The aim of this study was to
explore the alteration of the absorption of four principle phenolic compounds through the intestines by
oral administration. Liquid chromatography-mass spectrometry (LC-MS-MS) was used to detect the
phenolic compounds in EAL. The assay for the absorption of the small intestines of mice was employed
in vivo and in vitro. According to our results, 1-O-p-coumaroylglycerol and 1-O-caffeoylglycerol would
be converted into p-coumaric acid and caffeic acid by passing though the intestines. Caffeic acid might
be transformed into a new compound with relative molecular mass of 359 in liver. The phenolic
components of EAL were absorbed mainly in the form of p-coumaric acid while caffeic acid were
absorbed through the intestines. p-Coumaric acid and caffeic acid are considered the active

components of EAL in the body.
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INTRODUCTION

Ananas comosus (Linn.) Merr or pineapple, which
originated from Brazil, is one of the most popular tropical
and subtropical fruits in the world. The current major
pineapple-producing  countries  include  Thailand,
Philippines, Indonesia, Vietnam, Brazil, South Africa,
United States, and southern China. Aside from being a
delicious food, pineapple has been used as a folk
medicine for digestion and diarrhea (Borrelli et al., 2011).
By recent study, the extract of A. comosus leaves (EAL)
have been detected with richness of polyphenols, which
are known as antimicrobial agents (Ma et al., 2007;
Gazzani et al., 2011). Our previous study showed that
EAL has comprehensive effects on diabetic- dyslipidemic

rats (Xie et al., 2005). It was shown that EAL has
significant anti-diabetic, anti- dyslipidemic, and anti-
oxidative effects as well as insulin sensitivity improving in
animal models (Xie et al., 2006, 2007). However, studies
on the metabolism of polyphenols in EAL by oral
administration are few.

Polyphenols, a large group of natural antioxidants, are
generally involved in defense against ultraviolet radiation
or aggression by pathogens. Epidemiological studies and
associated meta-analyses strongly suggested that long
term consumption of plants rich in polyphenols offer
protection against hypertensive (Rodrigo et al., 2012),
oxidants (Attia et al., 2013), dermatophytes (Tao et al.,
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Figure 1. Chemical structure of four compounds.

2013), anxiolytic activity (Malik et al., 2013), development
of lung cancer, cardiovascular disease, diabetes and
neurodegenerative diseases (Pandey et al., 2009). Here,
we present the absorption and biological effects of
phenolic compounds after oral administration of EAL in
the context of relevance to hypolipidemic and
hypoglycemic.

We previously reported that EAL is rich in phenolic
acids, including p-coumaric acid, caffeic acid, 1-O-p-
coumaroylglycerol, and 1-O- caffeoylglycerol (Figure 1)
(Ma et al., 2007; Wang et al., 2006). The most abundant
and stable component of EAL is p-coumaric acid, which
is the main form of phenolic component presented and
excreted in vivo. p-Coumaric acid has been reported to
inhibit the growth of Staphylococcus aureus, Shigella,
and Escherichia coli (Pereira et al.,, 2007). Animal
experiments have demonstrated that the lipid-lowering
effect of p-coumaric acid manifests by protecting low-
density lipoprotein cholesterol from oxidation (Morais et
al., 2009). Therefore, it is used as a bioactive marker for
quality control of EAL (Zang et al., 2000). The kinetic
behavior of p-coumaric acid in mouse plasma has been
detected after oral administration of EAL. p-Coumaric
acid was found with quick absorption (Tmax 0.062 h) and
short half-life time (t;» 0.023 h) (Meng et al., 2006). Four
major ingredients were able to be detected in the plasma,
bile and urine (data are not shown). However, the ratio of
the ingredients was altered in these samples, p-coumaric
acid became more and the other three ingredients
became less. It was mentioned that there stayed a
metabolism during the ingredients of EAL absorbed just
through the intestines. Therefore, the absorption of the
four ingredients of EAL after oral administration needs to
be studied. In this study, HPLC and LC-MS-MS were
used to detect and identify the phenolic compounds of
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EAL. The absorption by pass through the intestines in
vivo and in vitro was used as model. The microsome
incubation of live and small intestines was used to
confirm the metabolites and bio-transformation of the four
compounds.

MATERIALS AND METHODS
Chemicals and reagents

p-Coumaric acid (trans-p-hydroxycinnamic acid) standard (98%
purity) was purchased from Sigma (U.S.). 1-O-p-Coumaroylglycerol,
caffeic acid, and 1-O-caffeoylglycerol standards were provided by
Dr. Wei Wang. EAL with batch number 110801 was produced in our
laboratory, containing 0.14% of 1-O-p-coumaroylglycerol, 1.31% of
caffeic acid, 0.19% of 1-O-caffeoylglycerol and 1.98% p-coumaric
acid by high performance liquid chromatography (HPLC) deter-
mination. Methanol and acetonitrile (HPLC grade) were purchased
from Xinhua Special Reagent Factory, Tianjin, China.

Animals

Male ICR mice weighing 23-25 g and male Wistar rats weighing
230-250g were purchased from Vital River Laboratories (Beijing,
China). The animals were raised in an environment with 60 + 5%
humidity at 25°C under a 12 h dark/light cycle. The animals were
fasted overnight before the experiment. All the animals and the
experimental procedures were approved by the Animal Welfare and
Ethics Committee of Tsinghua University and the Institutional
Animal Care and Use Committee of Tsinghua University.

Chromatographic system and conditions

Phenolic acids were detected using HPLC for quantity and LC-MS-
MS for indentify of four compounds in EAL. The HPLC system were
employed consisting of two 515 pumps, a 2487 UV-vis detector, a
40-pl-injection loop, and an Empower 2 workstation (Waters, U.S.)



for data collection. Sample analysis was carried out by applying a
10 pl volume to an ODS-3 C18 reversed-phase column (5 mm, 150
x 4.6 mm) and detected at 310 nm (1-O-p- coumaroylglycerol and
p-coumaric acid) and 324 nm (1-O-caffeoylglycerol and caffeic
acid). The mobile phase [0.1% phosphate acid, pH:3 water—
acetonitrile (88:12, v/v) filtered through a 0.45 pym millipore filter and
degassed prior to use] was utilized at a flow rate of 1 mL/min with a
constant temperature (25°C).

A liquid chromatography/ linear ion trap mass spectrometry (LC-
MS) system (Agilent 1200/6340). The LC equipment (Agilent 1200)
comprised of MS pump (Agilent 6340), an autosampler with a 10 pL
loop. This was interfaced with an lon trap mass spectrometer fitted
with an ESI source and operating in zoom scan mode for the
accurate determination of parent ion m/z, MS2 mode to abtain
fragment ion m/z. MS operating conditions (negative ion) had been
optimized with a nebulizer pressure of 15.0 psi, a capillary voltage
of 3.5 kv, a dry gas flow rate of 8 L/min, and a dry temperature
350°C. Sample analysis was conducted by using a C18 reverse-
phage column (0.5 um; 4.6 x 150 mm, Rainbow, China) and
detected at 310 nm. The mobile phase was water-acetonitrile
(containing 0.1% formic acid, pH 3.0; 86:14, v/v) filtered through a
0.45 pm filter membrane used at a flow rate of 0.2 mL/min and
room temperature (25°C).

Experiment procedures
Kinetic behavior and blood sample preparation

After overnight fast, the mice were orally administered with EAL
aqueous solution at single dose of 300 mg/kg. At the time points
(15, 30, 60, 120 and 240 min after introgastric administration),
blood samples were collected and transferred to a heparinized
Eppendorf tube and centrifuged at 4500 rpm for 10 min. Plasma
(400 pL) was taken and mixed with 4 mL methanol (1:10, v/v). This
mixture was oscillated for 30 s and centrifuged at 12000 rpm at 4°C
for 10 min. The supernatant was collected and dried at room
temperature. Meanwhile, the small intestines were taken and
washed with 5 mL methanol. The eluate ion was transferred in a
vial and dried at room temperature. The residue of blood samples
was dissolved in 100 yL methanol, whereas that of the small
intestine solution was dissolved in 500 yL methanol. 10 pL of each
sample was used for HPLC analysis.

Absorption through the intestines in vivo and in vitro

In vivo

Male Wistar rats were anesthesiaed by injection of urethane (1
g/kg, i.p.) and kept in a plat with supine position. The small
intestines were got out in a normal saline incubation (37°C). After
the intestines were merged into the incubation 10 min, 2 ml normal
saline sample was taken as negative control. Then, EAL was given
by oral administration. 2 h later, 2 ml normal saline sample was
taken for the compounds determination. The samples were all
stored at -80°C until to detect.

In vitro

After anesthesiaed by injection of urethane, the intestines of rats
were scarded as small intestines and large intestines (colon). The
small intestines were further separated as three parts, duodenum,
jejunum and ileum. All parts for the experiment were fitted in 2 cm
long. All parts of the intestines were turn down from inner to outer.
The bag was taken by ingaturing the both ends of the intestines.
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After that, the bags from the intestines were taken into the
incubation liquid containing EAL at 37°C for 30 min. The bags were
taken out and washed in normal saline three times. The absorption
liquid was got from the bag and stored at -80°C until to detect.
Normal saline was used as a negative control.

Conversion experiment in vitro

The mice were killed by cervical dislocation, and the liver and small
intestines were taken out for the microsome solution containing
metabolite enzymes (Ren et al., 2009). The homogenates were
centrifuged at 15 000 x g for 10 min at 4°C. 7 ml of supernatants
was collected and 1.25 ml of 52 mM CaCl, was added. Tubes were
gently shaken for 5 s and allowed to stand in an ice bath for 15 min.
The solution was then centrifuged at 25 000 x g for 15 min. Pellets
were finally resuspended in 0.3 ml of 0.1 M potassium phosphate
buffer containing 20% glycerol. The microsome solution was
aliquoted and stored at -80°C until use.

The quantity of protein in microsome solution was acquired by
total protein (TP) assay kit (Zhongsheng Biotechnology Company,
Beijing, China) and the concentration of protein was set at 7.5
mg/ml. From the solutions of both liver and small intestine, 100 pL
samples were taken, and EAL (10 pg) was added in. After the
mixture was incubated at 37°C for 30 min, 1 mL cold methanol was
added to stop the reaction. The sample handling for this experiment
was the same as with the plasma sample.

Caffeic acid was added to 100 yL microsome incubations of liver
and small intestine. The mixture was incubated at 37°C for 30 min,
and 1 mL cold methanol was added to stop the reaction. Then, the
sample handling was the same as with the plasma samples.

Data analysis

All data are expressed as mean = S.D. Data were statistically
analyzed by using one-way analysis of variance (ANOVA) with F
value determination. Values obtained at P<0.05 were considered
statistically significant. All statistics were carried out by using the
software for Office2007 (Microsoft, U.S.). The content of four
compounds was determined by their standard curve and the
equations. Ratio of each compound among these compounds was
conducted by the equation, [=content of each compound / (sum of
these four compounds) x 100%].

RESULTS
HPLC and LC/MS/MS analysis

By HPLC, four compounds of EAL, 1-O-caffeoylglycerol,
caffeic acid, 1-O-p- coumaroylglycerol and p-coumaric
acid, were shown in accordance with the standard com-
pounds (Figure 1 and 2). Their retention times were
4.651 min (1-O- caffeoylglycerol), 5.276 min (caffeic
acid), 8.227 min (1-O-p-coumaroylglycerol) and 9.335
min (p-coumaric acid). There were no interfarance in the
detecting time. All the compounds were identified by
LC/MS/MS (Figure 3). The standard curves of four
compounds were conducted and the equations for
guantity were as follows: 1-O-caffeoylglycerol: y (ng)=
20000x +11512 (r’=0.9976); Caffeic acid: y (ng)=
3322.19x +1614.9 (r°=0.9949); 1-O-p-coumaroylglycerol:
y (ng)= 2781x+ 4366.4 (r°=0.9979) and p-coumaric acid:
y (ng)=5586x+14290 (r°=0.9998).
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Figure 2. Typical chromatograms for the conversion of extract of A. comosus leaf (EAL) in samples. Chromatograms of (A) 1-O-
caffeoylglycerol (1), (B) caffeic acid (ll), (C) 1-O-p- coumaroylglycerol (lll), (D) p-coumaric acid (IV) and (E) four compounds of

EAL.
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Figure 3. Mass chromatography of the four compounds. A: 1-O-caffeoylglycerol; B: caffeic acid; C: 1-O-p-

coumaroylglycerol; D: p-coumaric acid.

Kinetic behavior and the compounds of EAL in mice
plasma

After 15 min oral administration of EAL, p-coumaric acid
was detected with higher peak concentration. Thereafter,
it came down gradually near to the bottom at 240 min
(Figure 4A). The concentration of four compounds of EAL
in plasma at the time of 15 and 30 min was detected. The
ratio of p-coumaric acid to the total compounds was
highest, implying p-coumaric acid was maintained in
major (Figure 4B).

Intestinal absorption of the compounds of EAL in
vivo and in vitro

The absorption of four compounds in EAL was not ade-
quate in rat small intestines. Generally, 1-O-caffeoy and

1-O-p-comar were found to be less than caffeic acid and
p-coumaric acid. The content of p-coumaric acid was
found to increase highly than that of three compounds
(Figure 5A). The ratio of p-coumaric acid in the total
content of all the four compounds became larger up to
89.36%. The ratio of caffeic acid was found to decrease
t0 9.61% compared to that of 35.37% of EAL. The ratio of
1-O-p-comar was 1% down from 4.89% of EAL. The ratio
of 1-O-caffeoy was 0.03% down from 3.81 of EAL.
Therefore, it is clear that the good absorption of p-
coumaric acid was confirmed by small intestines (Figure
5B).

By the assay of different part of small and large
intestines, the four compounds was found to be able to
absorbed effectively through the duodenum and jejunum.
The available absorption of ileum was weaker than
duodenum and jejunum. Colon was poor for the
absorption of four compounds (Figure 6). In duodenum,
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Figure 4. Kinetic concentration of p-coumaric acid (A) and the ratio
of four compounds (B) in blood after oral administration of extract of
A. comosus leaf (EAL) in mice. 1-O- caffeoy :1-O-caffeoylglycerol;
Caffeic: caffeic acid; 1-O -p —coumar: 1-O -p —coumaroylglycerol; p-
Coumar: p-Coumaric acid. The ratio of p-coumaric acid either in 15
min blood sample and or in 30 min blood sample is higher than that
of other three compounds (Fismin, 3,8 =431.7, P<0.001; F3omin, 3,8
=80.2, P<0.001). Each value represents the meantS.D. from three
independent mice (n=3). ** P<0.01.

the absorbed ability of p-coumaric acid was stronger than
in the other two parts of small intestines, in which its ratio
nearly equated to that of EAL (Figure 7A). The ratios of
caffeic acid to the total compounds in jejunum and ileum
were higher than that of EAL (Figure 7B and C). The ratio
of both  1-O-caffeoylglycerol and 1-O -p -
coumaroylglycerol in the parts of small intestines were
similar to that of contral (EAL). In colon, the ratio of 1-O -
p -—coumaroylglycerol in the total compouns was
decreased relatively to that of EAL (Figure 7D).

Conversion of the compounds of EAL

During the study, some of the phenolic acids could not be
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Figure 5. The absorption of the four compounds through the small
intestines after extract of A. comosus leaf (EAL) oral administration
inrats. F (3,8)=463.84, P<0.001. Each value represents the mean +
S.D. from three independent samples (n=3). ** P<0.01 v.s. the
control groups.

detected in small intestine solution and plasma. We
hypothesized that other processes remained during the
absorption. We therefore conducted a conversion
experiment of EAL in vitro. After the microsome
incubation, the contents of four compounds were altered.
1-O-caffeoylglycerol and 1-O-p- coumaroylglycerol
decreased in both liver and small intestines compared to
the control of EAL (Figure 8A and C). Caffeic acid in liver
incubation decreased compared to that of control
samples. There was no difference of caffeic aicd in the
small intestines and coutrol groups (Figure 8B). The
content of p-coumaric acid in both liver and small
intestines incubations were higher than that of control
groups (Figure 8D).

Getting the four ingredients together as total content,
the ratio of each compound to the total content was
calculated. Figure 9 shows the ratios of four compounds
of EAL, microsome in liver and small intestines. Two
analogues of  1-O-caffeoylglycerol and 1-O-p-
coumaroylglycerol showed little ratio to total content
compared to EAL. Speculating, caffeic acid in liver
incubation was little ratio to total content distinctly
implying there must be a motabolism of caffeic acid in
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Liver Figure 10. The ratio of p-coumaric acid in liver and
small intestines was increased compared to EAL,
suggesting there must be a biotransformation in small
intestines while the ingredients were absorbed through
the intestines, specially 1-O-p-coumaroylglycerol (Figure
9).

LC-MS-MS results supported our hypothesis. After
incubation with the microsome incubation of both liver
and small intestines, 1-O-p- coumaroylglycerol and 1-O-
caffeoylglycerol were found to convert into p-coumaric
acid and caffeic acid, respectively. It is easy to distinguish
1-O-p-coumaroylglycerol and 1-O-caffeoylglycerol by its
MS base peak at m/z~237 and 253, supported by strong
MS2 ions at m/z~119.1, 162.9 and 135, 160.9, respec-
tively. The ion at m/z~163 is characteristic for p-coumaric
acid, supported by strong MS2 ions at m/z~119.1. The
ion at m/z~163 is characteristic for caffeic acid, supported
by strong MS2 ions at m/z~135 (Fig.10). All these
indicated that 1-O-p-coumaroylglycerol and 1-O-
caffeoylglycerol were metabolised to p-coumaric acid and
caffeic acid, respectively.

Metabolism of caffeic acid

By adding caffeic acid standard with the microsome
incubation of liver and small intestine, the content of
caffeic acid attenuated after the microsome incubation of

liver comparing to normal saline incubation. There was
no difference of caffeic acid between normal saline and
small intestine incubation (Figure 11A).

Quasi-molecular ion [M—H]- of caffeic acid standard at
retention time 15.8 min was 179 with product ion 135.
One metabolite at the retention time of 14.4 min was
found with Quasi-molecular ion [M-H]- 359. The MS2 of
the metabolite included 135 and 179, indicating it was
from caffeic acid. The product ions of it included 135
[M-H-Glucuronide—CO2]-, 179 [M—-H- Glucuronide]-,
prototype of CA (Figure 11B). All that suggested caffeic
acid was glucuronized conjugate in liver microsome
(Zhang et al., 2008).

This result suggested that caffeic acid might be
transformed into a new compound with the effect of the
microsome incubation of liver. The metabolism of caffeic
acid occurred in the microsome incubation of liver but not
small intestine, this might due to the different metabolic
enzymes present in the liver and small intestine. All the
transformation of the ingredients after oral administration
of EAL is displayed in Figure 12.

DISCUSSION

In this work, we proved that phenolic acids in the extract
of A. comosus leaf (EAL) can be absorbed in intestines



1788

Afr. J. Pharm. Pharmacol.

0O Control W Duodenum OO Control W Jejunum
60.00 60.00 -
50.00 50.00 - *
s 40.00 < 40.00
.‘% 30.00 -% 30.00
& 20.00 & 2000 -
A 1000 10.00 1
0.00 4—[—EE__ [ m 000 + [ N
1-O-caffeoy  Caffeic  1-O-p-coumar p-coumaric 1-O-caffeoy ~ Caffeic  1-O-p-coumar p-coumaric
O Control @ lleum O Control m Colon
60.00 70.00 -
% E S
50.00 60.00 1
40.00 50.00 -
N E 4000 -
S 30.00 8
© @ 30.00 -
© 20.00 4 20,00 -
c 10.00 10.00 A %
000 L[ mm [ 0.00 -
1-O-caffeoy ~ Caffeic  1-O-p-coumar p-coumaric 1-O-caffeoy ~ Caffeic  1-O-p-coumar p-coumaric

Figure 7. Ratio to the compounds through the different sizes of the rat intestines in vitro. 1-O-caffeoy, 1-O-caffeoylglycerol; Caffeic,

caffeic acid; 1-O -p —coumar, 1-O -p —coumaroylglycerol; p-Coumaric, p-coumaric acid. Each value represents the mean + S.D. from
three independent samples (n=3). * P<0.05 v.s. the control groups.

100 - 1-O-caffeoylglycerol
E
2 50 -
k%
0 T T 1
Control Liver Smallintestine
100 5 1-O-p-coumaroyliglycerol
E
2 50
k%
C 0 T T 1

Control Liver Smallintestine

1000 - Caffeic acid
E . X
=) e s
< 500 -
* %k
0 T T )
Control Liver Smallintestine
2000 - p-coumaric acid
* *
z I
5 2
< 1000 o ™
0 T T 1

Control

Liver

Small intestine

D

Figure 8. Concentration of four compounds in extract of A. comosus leaf (EAL) (1 mg/ml) in the incubation of
normal saline and the microsomes of both liver and small intestines. 1-O-caffeoylglycerol: F(2,6)=5836.48,
P<0.001. Caffeic acid: F(2,6)=439.53, P<0.001. 1-O-p-coumaroylglycerol: F(2,6)=5673.44, P<0.001. p-
Coumaric acid: F(2,6)=81.72, P<0.001. Each value represents the mean = S.D. from three independent
samples (n=3). ** p<0.01 v.s. the control groups.



Chai et al.

B Control O Liver @ Smallintestines

110

90

70

Ratio/%

50

30

10

* %

*

* %k

-

-10

1-O-caffeoy

Caffeic 1

-O-p-coumar p-oumaric

Figure 9. Ratio of each compound among these four compounds after
incubation in vitro. Each value represents the mean = S.D. from three
independent samples (n=3). * P<0.05, ** P<0.01, v.s. the control groups.

1-O-caffeoylglycerol

1789

1-O-p-coumaroylglycerol

|mxe1nnss’ 2530 o WS, 13 min #1498 HXTUZ’: 2370 e WIS, 18 min #2203
+ 332.0
g 279.2
3320 04]
792
2 sz 02]
W7‘39 3761 4453 L 3032
0 2255 0), 13 TN F1958 i TSI ), 19 Brin #2204
1350 s 130
N 10]
084
J 253.0 03]
2 1608 2530 04 1623
L1 .
=107 WS 2(332107, 13.1min #1500 £ TNE2@79.2), 19 B F220E
1280 27g1
20 ] 2771
e 314.0 o
o] 340 # 2612
N 2034 12:
0o N ¢ . 2320
o 100 200 300 400 500 B00 0 100 200 300 400 500 B00
Intenis. 1 M, 16 Amin #1367 Intens. NS, 26.Tmin #2264
108 2552 2552 ' 103 1630 1630 '
i 179.0 ... :
1o 212 El 2551
3582 2 25 232
] 250
” o 2251 n STJ] [ 1 me Tl Il.ui
s N “ . N e e e 25,7 A TR fsﬂg MS2(163.00), 26 2min #2265
] 4 2531 21 119.0
1.00
24 075
E i 163.0
2130 2381 ) 11 .
T 52173 09, 16 A #1869 1o MSZ(I55.1), 26 2min #2256
] = 162.9 =
+ o 2531
o 176.9 o e
s ]
3 100 * 200 B 400 500 600 5 100 20 a0 40 0 &0
\ | L J
Figure 10. Liquid chromatography—tandem mass spectrometry (LC-MS) of four compounds of EAL after incubation in the liver
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Figure 12. The schematic explanation of four ingredients after oral administration of
the extract of A. comosus leaf. During passing through small intestines, 1-O-
caffeoylglycerol converted to caffeic acid and 1-O-p-coumaroylglycerol converted to p-
coumaric acid. When passing through liver, caffeic acid further transformed into a new

metabolite, 3,4-O- caffeoylglucuronide.

metabolite in liver during this process.

The phenolic acids in A. comosus leaves are mainly p-
coumaric acid, caffeic acid, 1-O-p-coumaroylglycerol, and
1-O-caffeoylglycerol. Throughout our experiments, we
found that there were not other components in the
plasma besides p-coumaric acid and caffeic acid after
oral administration of EAL. We proved that there existed
conversion of p-coumaric acid and caffeic during the
absorption after oral administration of EAL. 1-O-p-
coumaroylglycerol and 1-O-caffeoylglycerol could convert
into p-coumaric acid and caffeic acid, respectively.
Caffeic acid might be transformed into a new compound
which was in agreement with previous report (Martignoni
et al.,, 2006). These results suggested that p-coumaric
acid and caffeic acid were the main functional substances
of EAL. There might be a better efficacy to improve p-
coumaric acid and caffeic acid ratio in medicinal research
and practice in clinic.

In our study, there might be a relationship between the
above conversion and the enzymes present in the liver
and small intestine. According to previous literature,
many phenolic acids were the substrates of cytochrome
P450 (CYP) (Martignoni et al.,, 2006). CYP1, CYP2,
CYP3, and CYP4 families play a crucial role of the
metabolism functions (Uno et al., 2008). The phenolic
acids in EAL might become the substrates of CYPs
during absorption because of the presence of CYPs in
the small intestine and liver (Martignoni et al., 2004;
Nakanishi et al., 2010). We found that the 1-O-
caffeoylglycerol and 1-O-p-coumaroylglycerol levels in

EAL decreased, and p-coumaric acid increased in the
microsome incubations of liver and small intestine
compared with that of normal saline. We may therefore
conclude that the phenolic components were absorbed
mainly in the form of p-coumaric acid and caffeic acid.
CYP subtypes present in liver and small intestine are
different (Ramiro et al., 2009). For example, CYP1A2,
CYP2U1, and CYP2V1 are found only in the liver;
CYP1B1, CYP2R1, and CYP2W1 are found only in the
small intestine, although other CYPs have similar tissue
distributions, their expressions are more or less different
(Nelson et al., 2004; Choudhary et al., 2005). The
modulation of cytochrome P450-linked enzyme activity by
caffeic acid revealed that it was the substrate for CYP1A2
which only presented in liver (Teel et al., 1998; Huang et
al., 2009). It is suggested that certain CYP enzymes of
metabolizing caffeic acid are presented in the liver, not in
the small intestines. We therefore might draw a word that
1-O-p-coumaroylglycerol could convert into p-coumaric
acid and 1-O-caffeoylglycerol could convert into caffeic
acid when it was absorbed through the small intestine.

Conclusion

In the present study, we first proved that there existed
biotransformation among phenolic acids when they pass
through the intestines and were absorbed into blood
when the EAL was orally administrated. p-Coumaric acid
and caffeic acid are the major ingredients of EAL when
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absorp orally. Since A. comosus leaves are the huge
products all over the world, this study will be benefit for
understanding its in vivo behavior and developing of its
pharmacology of anti-hyperlipidemia and  anti-
hyperglycemia.

ACKNOWLEDGEMENTS

We are grateful for all the colleagues in our laboratory.
This study was supported by the National Natural
Science Foundation of China (30973896, 30801523 and
81073092) and the National S&T Major Special Project
for New Drug R&D Program of China (20122X09103-
201-041, 2011ZX09101-002-11 and 2012ZX09102-201-
008).

ABBREVIATIONS

EAL, Ananas comosus leaves; HPLC, high performance
liquid chromatography; TP, total protein.

REFERENCES

Attia AM, lbrahim FA, Nabil GM, Aziz SW (2013). Antioxidant effects of
ginger (Zingiber officinale Roscoe) against lead acetate-induced
hepatotoxicity in rats. Afr. J. Pharm. Pharma. 7(20): 1213-1219.

Borrelli F, Capasso R, Severino B, Fiorino F, Aviello G, Rosa GD,
Mazzella M, Romano B, Capasso F, Fasolino I, I1zzo AA (2011).
Inhibitory effects of bromelain, a cysteine protease derived from
pineapple stem (Ananas comosus), on intestinal motility in mice.
Neurogastroenterol. Motil. (23): 745—e331. DOI: 10.1111/ j.1365-
2982.2011.01735.x.

Choudhary D, Jansson |, Stoilov |, Sarfarazi M, Schenkman JB (2005).
Expression patterns of mouse and human CYP orthologs (families 1-
4) during development and in different adult tissues. Arch. Bioch.
Bioph. 436(1):50-61.

Gazzani G, Daglia M, Papetti A (2011). Food components with
anticaries activity. Curr. Opin. Biotech. 23(2):153-159.

Huang YT, Onose J, Abe N, Yoshikawa K (2009). In vitro inhibitory
effects of pulvinic acid derivatives isolated from Chinese edible
mushroom,Boletus calopus and Suillus bovinus, on Cytochrome
P450 activity. Bios. Biotech. Biochem. 73(4):855-860.

Ma C, Xiao SY, Li ZG, Wang W, Du LJ (2007). Characterization of
active phenolic components in the ethanolic extract of Ananas
comosus L. leaves using high-performance liquid chromatography
with diode array detection and tandem mass spectrometry. J. Chrom.
A. 1165(1-2):39-44.

Malik JK, Gadekar DH, Jain S (2013). Evaluation of hydro-alcoholic
extract of leaves of Boerhaavia diffusa for anxiolytic activity in rats.
Afr. J. Pharm. Pharm. 7(18):1071-1074.

Martignoni M, Groothuis GM, Kantet R (2006). Species differences
between mouse, rat, dog, monkey and human CYP-mediated drug
metabolism, inhibition and induction. Exp. Opin. Drug Metab. Toxicol.
2(6):875-894.

Martignoni M, Kanter R, Grossi P, Mahnke A, Saturno G, Monshouwer
M (2004). An in vivo and in vitro comparison of CYP induction in rat
liver and intestine using slices and quantitative RT-PCR. Chem. Bio.
Inter. 151(1):1-11.

Meng Z, Wang W, Xing DM, Lei F, Lan JQ, Du LJ (2006). Pharmaco-
kinetic study of p-coumaric acid in mouse after oral administration of
extract of Ananas Comosus L. leaves. Biomed. Chrom. 20(9): 951-
955.

Morais EC, Stefanuto A, Klein GA, Boaventura BCB, Andrade F,
Wazlawik E, Pietro PFD, Marachin M, Silva EL (2009). Consumption
of Yerba Mate (llex paraguariensis) Improves Serum Lipid
Parameters in Healthy Dyslipidemic Subjects and Provides an
Additional LDL-Cholesterol Reduction in Individuals on Statin
Therapy. J. Agric. Food Chem. 57(18):8316-8324.

Nakanishi Y, Matsushita A, Matsuno K, Matsuno K, Iwasaki K, Utoh M,
Nakamura C, Uno Y (2010). Regional Distribution of Cytochrome
P450 mRNA Expression in the Liver and Small Intestine of
Cynomolgus Monkeys. Drug Metab. Pharmacokinet. 25(3):290-297.

Nelson DR, Zeldin DC, Hoffman SM, Maltais LJ, Wain HM, Nebert DW
(2004). Comparison of cytochrome P450 (CYP) genes from the
mouse and human genomes, including  nomenclature
recommendations for genes, pseudogenes and alternative-splice
variants. Pharmacogenet. Genom. 14(1):1-18.

Pandey KB, Rizvi Sl (2009). Plant polyphenols as dietary antioxidants in
human health and disease. Oxidat. Med. Cell. Longevity. 2(5):270-
278

Pereira JA, Oliveira |, Sousa A, Bento A, Seabra R, Estevinho L (2007).
Walnut (Juglans regia L.) leaves: Phenolic compounds, antibacterial
activity and antioxidant potential of different cultivars. Food Chem.
Toxicol. 45(11):2287-2295.

Ramiro J, Marta M, Gomez-Lechon MJ (2009). Transcriptional
regulation of cytochrome P450 genes by the nuclear receptor
hepatocyte nuclear factor 4-alpha. Curr. Drug Metab. 10(5):508-519.

Ren XH, Mao XL, Cao L, Xue KW, Si LQ, Qiu J, Schimmer AD, Li G
(2009). Nonionic surfactants are strong inhibitors of cytochrome P450
3A biotransformation activity in vitro and in vivo. Eur. J. Pharmaceut.
Sci. 36:401-411.

Rodrigo R, Gil D, Miranda-Merchak A, Kalantzidis G (2012).
Antihypertensive role of polyphenols. Adv. Clin. Chem. 58:225-254.
Tao C, Wei Q, Yin ZQ, Zhou LJ, Jia RY, Xu J, Shi DX, Zhou Y, Du YH,
Deng YX (2013). Antifungal activity of essential oil from
Cinnamomum longepaniculatum leaves against three dermatophytes

in vitro. Afr. J. Pharm. Pharm. 7(19):1148-1152.

Teel RW, Huynh H (1998). Modulation by phytochemicals of
cytochrome P450-linked enzyme activity. Cancer. Lett. 133(2):135-
141.

Uno S, Dragin N, Miller ML, Dalton TP, Gonzalez FJ, Nebert DW
(2008). Basal and inducible CYP1 mRNA quantitation and protein
localization throughout the mouse gastrointestinal tract. Free Radic.
Biol. Med. 44(4):570-583.

Wang W, Ding Y, Xing DM, Wang JP, Du LJ (2006). Studies on
phenolic constituents from leaves of pineapple (Ananas comosus).
China J. Chin. Mater. Med. 31(15):1242-1244.

Xie WD, Wang W, Su H, Xing DM, Cai GP, Du LJ (2007). Hypolipidemic
Mechanisms of Ananas comosus L. Leaves in Mice:Different From
Fibrates but Similar to Statins. J. Pharmacol. Sci. 103(3): 267-274.

Xie WD, Wang W, Su H, Xing DM, Pan Y, Du LJ (2006). Effect of
ethanolic extracts of Ananas comosus L. leaves on insulin sensitivity
in rats and HepG,. Comparative Biochem. Physiol. Part C:
Pharmacol. Toxicol. Endocrinol. 143(4):429-435.

Xie WD, Xing DM, Sun H, Wang W, Ding Y, Du LJ (2005). The Effects
of Ananas comosus L. Leaves on Diabetic-Dyslipidemic Rats Induced
by Alloxan and a High-Fat/High-Cholesterol Diet. Am. J. Chin Med.
33(1) 95-105.

Zang LY, Cosma G, Gardner H, Shi LX, Castranova V, Vallyathan V
(2000). Effect of antioxidant protection by p-coumaric acid on low-
density lipoprotein cholesterol oxidation. Cell Physiol. 279(4): 954-
960.

Zhang ZC, Xu M, Sun SF, Qiao X, Wang BR, Han J, Guo DA (2008).
Metabolic analysis of four phenolic acids in rat by liquid
chromatography—tandem mass spectrometry. J. Chrom. B. 871(1): 7-



