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Chemo-protective effects of tea on ocular diseases were recorded in Chinese pharmacopoeia about
2000 years ago by eating tea. In the present study, contents of fatty acids (FAs) in tea shoots were
determined by capillary GC; and the growth of RF/6A cells was also investigated by exposure to vari-
ous representative FAs existing in tea shoots with pathologically relevant concentrations (40–
500 lM) by ameliorated MTT assay and flow cytometry. Electron spin resonance (ESR) was used to
measure oxygen consumption and investigate the free radical scavenging ability of linoleic acid (LA).
Results showed that the most abundant long chain FAs were palmitic, linoleic, and a-linolenic acid in
tea shoots; some RF/6A cells became suspended in culture medium treated by a high dose of both
saturated and unsaturated FAs, but no apoptosis was observed. Moreover, it seemed that those FAs
with different structure had various effects on the cell proliferation at their relatively low concentra-
tions, LA expressed antioxidant activity in this study, which might be an important mechanism on the
protection of eyes.
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1 Introduction

It is well known that tea is a health beverage and has excel-
lent chemo-protective effects on many diseases, such as
cancer, inflammation, and so on [1–3]. Tea was used as a
medicine in China about 2000 years ago, and its preventive
effects from ocular diseases were recorded at that time by
eating tea [4]. So far, the main components in tea and
mechanisms on the protection of eyes have not been clear
yet, which might become a compelling topic in the near
future. Recently, a few reports revealed that catechins and
fatty acids (FAs) that existed in tea were relative to preven-
tive and therapy effects from some ocular disease [5–7].

Especially, FAs were important functional components for
developmental and pathological changes of eyes, and would
exert pivotal effects on the protection of eyes depending on
the functional composition of tea. FAs in tea shoots were
considered to have a relationship with faculty of sight in
Chinese traditional medicine.

Progress in lipid research has highlighted several path-
ways through which free FAs were able to cause cellular
and functional alterations. These included changes in mem-
brane composition and function, and in the regulation of
gene expression and protein modification [8, 9]. Such path-
ways were likely to be relevant to endothelial cells. Pre-
viously, different FAs have been shown to have respective
effects on the cell proliferation.

In the present paper, we first investigated the FA compo-
sition of tea shoots and their effects on the growth of retinal
RF/6A endothelial cell lines. The oxygen consumption of
linoleic acid (LA) and its radical scavenging ability were
also studied in order to reveal the mechanism of this
FAPUFA in preventing from ocular disease and protecting
eyes.
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2 Materials and methods

2.1 Materials

Purified preparation of FAs (palmitic acid, LA, and a-lino-
lenic acid) and D-a-Phosphatidylcholine, Dipalmitoyl
(DPPC), 1, 1-diphenyl-2-picrylhydrazyl (DPPH) were from
Sigma (St. Louis, MO, USA). The rhesus macaque chor-
oids-retinal endothelial cell (RF/6A) was obtained from
Shanghai Institute of Cell Biology, Chinese Academy of
Sciences. DMEM was purchased from GIBCO (Grand
Island, NY, USA). ANNEXIN V kit was a product of Caltag
Laboratories (USA). 4-Oxo-2,2,6,6-tetramethylpiperidine-
d16-1-15N-oxyl (N-PDT) was from Cambridge Isotope
Laboratories (Andover, MA, USA). 1-Stearoyl-2-octadec-
cis9,cis12-dienoyl-sn-glycero-3-phosphorylcholine [PC
(LA)] was purchased from Matreya (Pleasant Gap, PA,
USA). Egg yolk phosphatidylcholine (Egg PC) was
obtained from Avanti Polar Lipids (Alabaster, AL, USA)
and 2,29-azobis(2,4-dimethylvaleronitrile (AMVN) was
acquired from Polysciences (Warrington, PA, USA). All
other chemicals were of extra-pure grade or analytical
grade.

2.2 FAs analysis of tea shoots

Standard tea shoots, comprising an apical bud and the three
terminals of clone Longjing 43, were harvested from a tea
garden of Zhejiang University (P. R. China). Total lipids
were extracted from 2 g of bud, first, second, and third leaf
individually with 30 mL of CHCl3 –MeOH (2:1) for 1 h.
The bulk extract was evaporated to dryness in a rotary
vacuum evaporator at 458C and then saponified in H2SO4 –
MeOH (2:230) at 858C for 1 h. The corresponding methyl
esters of FAs were analyzed by capillary GC with FID using
a DEGS column, programmed from 160 to 2208C at 58C/
min(GC-14B, Shimadzu, Japan).

2.3 FAs solution preparations

Sufficient FAs were dissolved in preheated 0.1 N NaOH
and diluted 1 :10 in prewarmed (508C) DMEM containing
1% w/v BSA, to give a final FA concentration of 2.0 mM.
Stock FA solutions were filter-sterilized and diluted with
cell culture media to use in the study. Control carrier was a
medium that contained 0.1 N NaOH and BSA but no FAs.
The pH of preparations was adjusted to 7.4 when required.

2.4 Cell culture

RF/6A cells were cultured in DMEM supplemented with
10% fetal bovine serum v/v and 100 U/mL penicillin and
100 U/mL streptomycin in an atmosphere of 5% CO2 at
378C (Shellab, USA). The cells were maintained with a
medium change every 24–48 h, before being used in
experiments.

2.5 Proliferation and ratio of cells adhering on
plate detected by ameliorated MTT assay

Cells (16105) were seeded in a 96-well plate for 24 h, the
medium was replaced by 1% BSA–DMEM containing 40,
80, 120, 160, 200, 300, 400, or 500 lM palmitic, linoleic,
a-linolenic acid, respectively. Control cells were exposed to
a growth medium supplemented control carrier. Cells were
incubated for 0–48 h in the test medium, and culture med-
ium was dropped (floating cells were dropped). 3-[4, 5-
Dimethythiazol-2-yl]-2,5-Diphenyltetrazolium bromide
(MTT) (20 lL) at the concentration of 5 mg/mL-PBS was
added to each well, and then 150 lL of DMSO was added
after incubation for 4 h. Absorbance was measured for each
well on a Microplate Reader (Thermal Lab system, Fin-
land). Ratio of cells adhering on plate was calculated as fol-
lows:

Ratio of cells adhering onð%Þ ¼

ABSðtreatment;with cellsÞ � ABSðtretatment;without cellsÞ
ABSðcontrol;with cellsÞ

6100

2.6 Gel electrophoresis and DNA fragmentation
analysis

Cells (16105) were seeded onto 25 cm2 plates for 24 h and
incubated with different concentrations of FAs for 24 and
48 h, respectively. Following this treatment, the cells were
collected and centrifuged at 48C for 5 min (1500 rpm).
After an additional wash with PBS, the cells were lysed in
400 lL of cytolysis solution (0.1 M NaCl, 10 mM Tris-
HCl, pH 8.0, 25 mM EDTA, pH 8.0, 0.5% SDS) and protei-
nase (50 lg/mL) at 508C overnight. Then 400 lL of chloro-
form/isoamylalcohol (24:1) was added and mixed well.
The cells were centrifuged at 48C for 10 min (12000 rpm)
and the supernatant was transferred to a new tube; two
volume of ice-cold ethanol was added and kept on ice for
5 min. Then the cells were again centrifuged at 48C for
10 min (12000 rpm), the pellets were washed with 70%
ethanol twice. After ethanol was entirely volatilized, DNA
was dissolved in 30 lL of TE (10 mM Tris-HCl, 1 mM
EDTA, pH 8.0). The DNA samples were loaded onto a
1.2% w/v agarose gel (containing 0.5 lg/mL of ethidium
bromide) and the DNA fragments were separated by elec-
trophoresis (Amersham Biosciences) at 5 V/cm for 1 h in
TAE buffer. The DNA was visualized using an imaging sys-
tem (Shanghai Tianneng, P. R. China) and photographed
using an Alpha-imager 2000 digital camera.

2.7 Flow cytometry and cell damage assay

Cells were reseeded at a density of 26105 cells/cm2 onto
50 cm2 plates for 48 h and were treated with different con-
centrations of FA for 24 h. Floating and trypsinized adher-
ent cells were collected by centrifugation (1500 rpm,
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10 min). Cells were stained with biotin-conjugated Annexin
V, FITC-conjugated streptavidin, and PI using the Annexin
V-Biotin Apoptotic Detection kit according to the manufac-
turer's protocol. Apoptotic cells were subsequently counted
and analyzed by flow cytometry (FACS sort, BD, USA).

2.8 Analysis of LA on scavenging DPPH free
radical and measurement of oxygen
consumption by Electron spin resonance
(ESR)

The DPPH stable radical scavenging activity of LA in test
samples was estimated by ESR according to the method of
Yamaguchi et al. [10]. Reaction mixture contained 50 lL of
test sample with or without 5 mol% of LA and 0.25 mM
DPPH in DPPC liposome or in DPPC ethanol solution.
Samples were incubated at 608C for 45 min. All measure-
ments were performed at 608C. In this work, the spin label
4-oxo-2,2,6,6-tetramethylpiperidine-d16-1-15N-oxyl (15N-
PDT) was used, Egg PC liposome (with or without 5 mol%
LA) containing 10 mM AMVN and 0.2 mM 15N-PDT was
incubated at 458C for 30 min then transferred to a 50 lL
capillary. ESR spectra were recorded at 2 min intervals for
15 min. All ESR spectra were recorded at the low field line
of N-PDT and at 378C.

Conventional ESR spectra were obtained with a Varian
E-109 X-band spectrometer with a variable temperature
controller accessory. ESR signals were recorded with
10 mw (for DPPH study) and 0.5 mw (for ESR oximetry)
incident microwave power and 100 kHz field modulations
of 2 G (for DPPH study) and 0.05 G (for ESR oximetry).
The field scan range was 100 G (for DPPH study) and 1 G
(for ESR oximetry).

3 Results

3.1 FAs analysis of tea shoots

The variation of FA contents in different tea shoots was pre-
sented in Table 1. It was clear that contents of FAs increased
from bud to third leaf and was the least in the stem of tea

shoots. The gas chromatogram of FAs in the third tea leaf is
shown in Fig. 1. The most abundant PUFAs in tea shoots
were linoleic and a-linolenic acid, and it showed that the
main saturated FA in tea shoots was palmitic acid.

3.2 Proliferation and ratio of RF/6A cells adhering
on plate

Adhesive character of retinal cells was an important factor
affecting the occurence and progression of many ocular dis-
eases, and ratio of cells adhering on plate was detected by
ameliorated MTT assay in this work. As shown in Fig. 2,
there was no significant difference between the prolifera-
tion of RF/6A cells cultured with the palmitic acid below
the concentration of 400 lM and the control cells cultured
without FAs both for 12–48 h. However, it was shown that
500 lM palmitic acid significantly inhibited ratio of RF/6A
cells adhering on plate (p a 0.01).

When treated with a moderate concentration (a200 lM)
of LA for 12 and 24 h, the cell proliferation was slightly sti-
mulated compared with the control (p a 0.05 at 80, 120, and
160 lM). Although there was no significant difference
between the LA supplemented media (40–200 lM) and the
control at the time of 36 h, proliferation of RF/6A cells was
increased at 48 h (p a 0.05 at 80, 120, and 160 lM). On the
other hand, ratio of RF/6A cells adhering on plate was sig-
nificantly inhibited within 12–48 h when treated with a
higher dose of LA (p a 0.01 at 400 and 500 lM). These
results were consistent with the results of microscopic
observation, which showed that a number of cells were sus-
pended in the medium when treated with such a high con-
centration (Fig. 3B).

The addition of 40–200 lM a-linolenic acid did not
have distinct effects on cell proliferation at the time of 12,
36, and 48 h, but proliferation of RF/6A cells was signifi-
cantly increased when treated for 24 h (p a 0.05 at 40, 80,
160 lM, p a 0.01 at 120 lM). When the concentration of
a-linolenic acid was more than 300 lM, the ratio of RF/6A
cells adhering on plate was sharply decreased. A number of
suspended cells were observed in the medium treated with
high dose of a-linolenic acid (Fig. 3C). After being treated
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Table 1. FA composition of tea C. sinensis (L.) O. Kuntze

FA compositiona) (% peak area) Total lipids
(mg/g

Lauric Palmistic Palmitoleic Myristic Stearic Oleic Linoleic a-Linolenic fresh wt.)b)

C12 C16 C16:1 C14 C18 C18:1 C18:2 C18:3

Bud ND 32.73 l 1.50 ND ND ND 1.78 l 0.04 35.61 l 0.83 29.88 l 0.69 0.72
First leaf ND 30.01 l 0.51 ND ND 1.24 l 0.51 6.99 l 0.55 26.12 l 0.46 35.64 l 0.73 1.60
Second leaf ND 29.99 l 0.97 4.21 l 0.11 ND 1.35 l 0.18 9.21 l 0.38 25.85 l 0.43 39.38 l 0.46 4.83
Third leaf 0.56 l 0.01 26.87 l 1.27 4.97 l 0.16 0.01 l 0.001 2.07 l 0.34 8.82 l 0.34 24.33 l 0.17 31.96 l 0.30 5.24
Stem ND 38.98 l 0.97 3.94 l 0.99 ND 6.62 l 0.49 4.44 l 0.31 24.38 l 0.52 24.60 l 0.50 2.26

a) Data were expressed as mean l SD (n = 4); ND: not detected.
b) Total lipids were analyzed by comparing with those FAs of standard.
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with relatively high concentrations of different FAs, the
images of RF/6A cells were also taken. From Fig. 3, we
found that 500 lM palmitic acid did not affect the morpho-
logic profile of RF/6A cells while 400 lM LA and 300 lM
a-linolenic acid reduced the number of adherent cells,
respectively.

3.3 Apoptosis analysis

From the above results, the ratio of RF/6A cells adhering on
plate was changed with incubation in different concentra-
tions of FAs. How about those suspending cells, alive, dead
or apoptosis? We chose different concentrations of FAs
depending on the results of the MTT assay (Fig. 2) to inves-
tigate the DNA fragmentation of RF/6A cells and flow cyto-
metric analysis. Because the fraction of RF/6A cells adher-
ing on the plate began to decrease significantly when the
concentrations of palmitic acid, LA, and a-linolenic acid
reached 500, 400, and 300 lM, respectively, we thought
these concentrations at that point were appropriate for
apoptosis analysis. As shown in Fig. 4, there was no any
DNA ladder in the treated cells by agarose gel electrophor-
esis. In the results of flow cytometric analysis (Table 2), it
was clear that palmitic acid did not induce progressive
apoptosis and there was no differences in its effects on
RF/6A cells compared with the control cells. Linoleic and
a-linolenic acid induced slight necrosis at a concentration
of 400 and 300 lM within 24 h, the necrosis percentage
was 11.93 and 7.00%, respectively (Table 2). The percen-
tage of living cell population was quantified as 95.5, 87.2,

and 91.9% in palmitic, linoleic, and a-linolenic acid-treated
media, respectively, which indicated that the main cells
were alive compared with the control (95.4%). The apopto-
tic cells were almost negligible in these FAs supplemented
media compared to that with BSA only.

3.4 Free radical scavenging ability of FAs and
oxygen consumption analysis by ESR

Redox state was relative to eyes health and pathological
changes. Modulating redox state might be an important
mechanism of some FAs of tea such as LA (the most excel-
lent antioxidant among palmitic acid, LA and a-linolenic
acid) on their preventive effects from ocular diseases. So,
we investigated free radical scavenging ability and effects
on oxygen consumption rate of LA in lipid system. Figure 5
shows that LA reacted with stable radical DPPH to rapidly
quench its ESR signal both in DPPC liposome and DPPC
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Figure 1. Gas chromatogram of FAME of the third leaf of tea Camellia sinensis (L.) O. Kuntze. Identification of FAME was accom-
plished by comparing the retention times of FAME with that of standard.

Table 2. Percentage of RF/6A cells stained with Annexin V
and PI treated with different FAs

% CKa) Palmitic
C16 :0

Linoleic
C18 :2

a-Linolenic
C18:3

500 lM 400 lM 300 lM

Necrotic cells 3.52 4.41 11.93 7.00
Apoptotic cells 1.08 0.09 0.87 1.08
Alive cells 95.4 95.5 87.2 91.9

a) treated with control medium containing equivalent amount
of BSA compared with 500 lM palmitic acid.
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Figure 2. Proliferation and ratio of RF/
6A cells adhering on the plate after 12–
48 h treatement with different FAs. (A)
Treatment with different concentrations
of palmitic acid; (B) treatment with differ-
ent concentrations of LA; (C) treatment
with different concentrations of a-linole-
nic acid. Equivalent amounts of BSA
alone were added to control plates. *p a

0.05 compared to control, **p a 0.01
compared to control.

Figure 3. Microscopic images of RF/6A cells treated with a relatively high concentration of varies FAs for 24 h. (A) Adhesive cells
after treatment with 500 lM palmitic acid; (B) adhesive and floating cells after treatment with 400 lM LA; (C) adhesive and floating
cells after treatment with 300 lM a-linolenic acid.
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ethanol solution. The intensity of the ESR signals was pro-
portional to the concentration of DPPH radicals, with a
stronger signal associated with higher DPPH concentration.
Incorporation of 5 mol% synthetic PC containing LA iso-
mers into test systems reduced the ESR signal intensity
both in DPPC ethanol solutions and DPPC aqueous lipo-
some suspensions (Figs. 5A and B), which suggested that
LA could scavenge DPPH radical in the above two systems
under the experimental conditions.

Oxygen consumption rate was estimated by ESR method
in egg PC liposome (with or without LA) system. Figure 6
illustrates the repeated scans of the ESR signal of spin label
during lipid oxidation. The slower changes of the line width
in the repeated scans suggested that the oxygen consump-
tion rate in Egg PC containing 5 mol% LA system was
lower than that of Egg PC alone.
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Figure 4. DNA images of RF/6A cells treated with different
concentrations of FAs. (A) Treatment with control medium for
24 h; (B) treatment with control medium for 48 h; (C) treatment
with 500 lM palmitic acid for 24 h; (D) treatment with 500 lM
palmitic acid for 48 h; (E) treatment with 400 lM lineleic acid
for 24 h; (F) treatment with 400 lM lineleic acid for 48 h; (G)
treatment with 300 lM a-linolenic acid for 24 h; (H) treatment
with 300 lM a-linolenic acid for 48 h.

Figure 5. DPPH radical-LA reaction in DPPC testing system. ESR signal was recorded with 10 mW incident microwave and
100 kHz field modulation of 2 G at 608C. Reaction mixture containing 50 lL of test sample with or without 5 mol% of LA and
0.25 mM DPPH in DPPC liposome or in DPPC ethanol solution. Samples were incubated at 608C for 45 min. All measurements
were performed at 608C. The ESR signal of DPPH radical was measured in ethanol solution (A) and in liposomes (B). Pure DPPC
and 5 mol% mixtures of LA in DPPC were measured.

Figure 6. Time dependence of ESR signal during lipid peroxidation in pure Egg PC and Egg PC mixed with 5 mol% of LA liposomes.
The low field line of 15N-PDT spin label ESR spectra was recorded every 2 min. The ESR signal was recorded with 0.5 mW incident
microwave and 100 kHz field modulation of 0.05 G at 378C. Lipid peroxidation was initiated by using AMVN.
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4 Discussion

FAs were important components in tea shoots because of its
health function and its effects on character of tea [11].
Metabolism of FAs in tea shoots was emphasized in the past
reports, and its bioactivity to health was ignored. With the
progress of protective effects of tea on many diseases, FAs
of tea were explored as kinds of heath compositions. Till
now, few reports about the compositions and the contents of
FAs in tea shoots have been made. In this paper, we investi-
gated the composition and the contents of FAs in different
parts of tea shoots in order to reveal its relations to protec-
tive function of tea on ocular diseases, and the results
showed that linoleic, a-linolenic acid, and palmitic acid
were the main kinds of FAs in tea shoots. It might be a feasi-
ble way to clarify the health function of tea on eyes by
investigating their effects on retinal cells.

FA was focused on by ophthalmologist because of its
closed relations with development of vision, especially
some long chain FAs including DHA, DPA, etc. [12–16].
As precursors of DHA/DPA, LA, and a-linolenic acid
would affect the development of vision and pathological
changes of eyes [17]. Udell et al. [18] found that alpha-lino-
lenic acid supplemented diets improved the DHA status of
infants. Lots of studies confirmed the favorable protective
effects of alpha-linolenic acid on eyes [19–21]. As an
excellent antioxidant, regulation of redox state might be an
important aspect of LA in its preventive effects from ocular
diseases, which was proved by our ESR results. Past reports
showed that excessive palmitic acid would accelerate ret-
inal pathological changes induced by diabetes [22]. But,
effects of palmitic acid on other ocular diseases maintained
unknown. Interestingly, few studies about effects of the
three FAs on growth of retinal cells have been made till
now. In this work, we investigated the effects of three FAs
on coherent activity, apoptosis, and growth of RF/6A cells.
Three FAs did not induce apoptosis of RF/6A cells, and
they decreased the ratio of RF/6A cells adhering on plate in
certain conditions. Effects of LA and a-linolenic acid on
coherent activity and growth of RF/6A cells were more
effective than palmitic acid. LA and a-linolenic acid were
main components of tea in protections of eyes. Moreover,
their protective mechanisms need to be investigated further.

Expression of adhesion molecule in retinal cells was rela-
tive to many ocular diseases, especially diabetic retinopathy
[23, 24], and distributed on endothelial cells and leuko-
cytes, and participated in the recruitment of leukocytes to
sites of tissue injury and inflammation. Previously, some
studies about inhibitory expression of some kinds of adhe-
sion molecule of long chain FAs were reported [25]. Effects
of palmitic acid, LA and a-linolenic acid on expression of
adhesion molecule in retinal cells have not been investi-
gated so far. In the present paper, we evaluated effects of the
three FAs on expression of adhesion molecule in RE/6A
cells for the first time. The three FAs could inhibit an

expression of adhesion molecule in RF/6A cells, and LA
and a-linolenic acid were more sensitive than palmitic
acids. Regulating the expression of adhesion molecule,
inhibiting inflammation and exerting protective effects on
some ocular diseases such as diabetic retinopathy were
important pathways for the protection of eyes by tea con-
sumption.

In conclusion, LA, a-linolenic acid, and palmitic acid
were the main components in tea shoots, and they regulated
retinal pathological changes by affecting growth of retinal
cells, regulating expression of adhesion molecule, and mod-
ulating the redox state of retinal cells. Effects of the three
FAs were different because of their different structures.
Hence, it might be an interesting topic to investigate the
interactions and ratios of concentrations among FAs exist-
ing in tea shoots and their effect on the protection of eyes.
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