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Aloe-emodin is an anthraquinone with numerous biological properties, including antibacterial, antiviral, an-
tifungal, immunomodulative and potential antineoplastic properties. The aim of this work is to assess the
effects of ultrastructural changes caused by aloe-emodin on the organelles of CHO-K1 cells. The ultrastruc-
tural study was performed using transmission electron microscopy. The analysis of submicroscopic changes
was performed with a transmission electron microscope TECNAI G2 Spirit BioTwin (FEI Company). Selected
cellular organelles were also measured using the TIA microscope software (TEM Imaging & Analysis 3,2
SP6). Additionally, the marking of lysosomes was performed using acridine orange (a non-enzymatic lysosome
marker). The preparation was analyzed with the use of a Nikon Eclipse 80i fluorescence microscope.

The results obtained indicate that the anthraquinone used in the study has a modulating influence on the
activity and differentiation of the cell nucleus, mitochondria, endoplasmic reticulum and Golgi apparatus.
Aloe-emodin should be considered as an agent with a multidirectional mechanism of action on the cell, the
extent of the examined changes being dependent on the dose of the studied anthraquinone.
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INTRODUCTION

Aloe-emodin (1,8-dihydroxy-3-hydroxymethyl-9,-
10-anthraquinone) is an active anthraquinone
isolated from the roots and rhizome of Rheum
palmatum (Polygonaceae), Rhamnus frangula
(Rhamnaceae) and from the leaves of Aloe bar-
badensis and Aloe arborescens (Liliaceae). This
compound possesses antibacterial (Cooroosamy
and Macwa, 2006), antiviral (Zanpi1 et al., 2007;
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Linet al., 2008), antifungal (AcarRWAL et al., 2000),
and immunomodulative (YU et al., 2006; CHERNG
et al., 2008) properties, as well as potential an-
tineoplastic properties. Its proapoptotic and an-
tiproliferative action has also been observed in
neoplastic cell lines, including the liver (Kuo et
al., 2002; Lu et al., 2007), lungs (LaI et al., 2007),
central nervous system (MijaTovic et al., 2005),
and stomach (CHEN et al., 2007; Liu et al., 2007).

At present, the mechanism of aloe-emodin ac-
tion is poorly known, and it is probably associa-
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ted with its biological properties. Due to the lack
of detailed information in the available litera-
ture on the influence of aloe-emodin on the ultra-
structure of cells, an attempt to assess the extent
of ultrastructural changes in CHO-K1 cells has
been undertaken, special consideration being
given to qualitative and quantitative changes.

MATERIALS AND METHODS

The morphological studies were done on the
CHO-K1 cell line (Chinese hamster ovary) iso-
lated from the ovary of a Chinese hamster. The
cells were grown in cell culture dishes (Nunc) at
a temperature of 37°C and in a 5% carbon dioxide
atmosphere, in a CO, incubator (Thermo Scientif-
ic). The culture was grown on a DMEM base en-
riched with 10% fetal bovine serum (FBS), with
the addition of a mixture of antibiotics, includ-
ing penicillin (10.000 U/ml), streptomycin (10 mg/
ml) and amphotericin B (25 pg/ml). The reagents
were obtained from PAA Laboratories (Austria).

Twenty-four hours after incubation the
growth liquid was exchanged for a complete me-
dium with the addition of aloe-emodin (Sigma-
Aldrich St.Louis, USA) at concentrations of 1 pM,
15 uM, 45 pM, 60 uM and 100 pM. The research
was performed on CHO-K1 cells at a density of 3
x 10° cells/ml, which, after 24-hour exposure to
aloe-emodin, were prepared for electron micros-
copy study according to the modified method of
MarziELLA and GLAUMANN (1980).

Ultrathin slices obtained with the use of an
EM UCT7 ultramicrotome (Leica) were addition-
ally contrasted in uranyl acetate and lead citrate.
The analysis of submicroscopic changes was per-
formed with the use of a transmission electron
microscope TECNAI G2 Spirit BioTwin (FEI
Company). Measurements of selected cell organ-
elles were performed with the use of the TIA mi-
croscope software (TEM Imaging & Analysis 3,2
SP6). For each of the doses of the experimental
agent, the diameter of mitochondria and autopha-
gic vacuoles was measured in 50 cells from each
group. The average values of the morphometric
measurements were statistically analyzed using
the Kruskal-Wallis nonparametric ANOVA test
(Statistica 10.0, StatSoft, Poland). The differences
were considered statistically significant at P<0.05.

Additional lysosomal marking was performed
with the use of acridine orange (a non-enzyma-
tic lysosomal marker) according to the modified
method of HARHAJI et al., (2007). For this purpose
the cells were grown, under the conditions given
above, on microscope slides in cell culture dishes.
Twenty-four hours after the exposure of CHO-
K1 cells to aloe-emodin at a dose of 15 uM the
growth liquid was removed, the cells were rinsed
in PBS and incubated with acridine orange solu-
tion (5 pg/ml PBS) under growth conditions for
15 minutes. The control preparation was similar-
ly made, however the control CHO-K1 cells were
not exposed to aloe-emodin. The preparations
were analyzed with the use of a fluorescence mi-
croscope Nikon Eclipse 80i.

RESULTS

The obtained results are shown on electrono-
grams (Fig.la-1f). The ultrastructure of cells
from the control group was used as the correct
image of the cell (Fig.1a). Cell nuclei with a nor-
mal membrane, rough endoplasmic reticulum
and oval-shaped mitochondria with regular crest
arrangement were observed.

The 24-hour exposure of CHO-K1 cells to aloe-
emodin at a dose of 1 uM caused slight changes
in the cell ultrastructure. The changes concerned
slight growth of the rough endoplasmic reticu-
lum, statistically insignificant swelling of mito-
chondria and an increased number of Golgi com-
plexes (Fig.1b).

The 24-hour exposure of the CHO-K1 cells to
aloe-emodin at a dose of 15 uM (Fig.1c) effectu-
ated a significant modification of the Golgi ap-
paratus profile.

These cells also showed statistically signifi-
cant swelling of mitochondria, the diameter of
which was 0.87 pm after incubation with aloe-
emodin, in comparison with the size of mitochon-
dria from the control group [0.50 um (Fig.3)]. The
mitochondria were characterized by a spherical
shape and shorter crests, and the brightening of
the mitochondrial matrix was observed. The ly-
sosomal compartment was represented by an in-
creased number of primary lysosomes, secondary
lysosomes and autophagic vacuoles, with a sig-
nificantly increased size of autophagic vacuoles,
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to 0.93 um, in comparison with the size of the analysis of CHO-K1 cells after 24-hour exposure
vacuoles from the control group [0.50 um (Fig.4)]. to aloe-emodin at doses of 45 uM (Fig.1d) and

Encumbering the cells with the studied an- 60 uM (Fig.le) showed cytotoxic changes related
thraquinone at a dose of 15 uM also caused chan- mainly to the deformation of the normal structure
ges 1n the shape of the cell nucleus (Fig.1c). The of the nucleus, nuclear contour irregularity and

Fig. 1. (a) — The CHO-K1 control cell not exposed to aloe-emodin; (b) — The CHO-K1 cell after 24-hour exposure to aloe-
emodin at a dose of 1 pM; (c) — The CHO-K1 cell after 24-hour exposure to aloe-emodin at a dose of 15 uM; (d) — The
CHO-K1 cell after 24-hour exposure to aloe-emodin at a dose of 45 uM; (e) — The CHO-K1 cell after 24-hour exposure to
aloe-emodin at a dose of 60 uM; (f) — The CHO-K1 cell after 24-hour exposure to aloe-emodin at a dose of 100 uM. N- nucleus;
M-mitochondria, ER- rough endoplasmic reticulum, AG-Golgi apparatus, VA- autophagic vacuole, Li-lysosomes.
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its fragmentation. Intensification of autophagy
was also observed, which manifested itself in the
increased number of autophagic vacuoles con-
taining fragments of cytosol and cell organelles
in various phases of digestion. The greatest num-
ber of autophagic vacuoles, often with a vastly
increased size as compared with the size of the
control group vacuoles, was observed after the 24-
hour exposure of CHO-K1 cells to aloe-emodin at
a dose of 100 uM (Fig.1f). The size of the autopha-
gic vacuoles was as much as 464 % (2.32 pm) lar-
ger then the size of the vacuoles in the cells taken
from the control groups (0.50 pm). Other changes
included degradation of endoplasmic reticulum
and changes in the Golgi apparatus, characte-
rized by a reduction in the number of dictyosomes
(Fig.1f). Mitochondria of the cells studied after
24-hour exposure to aloe-emodin at doses rang-
ing from 45 to 100 pM showed a significant (about
20%) increase in volume as compared with the
mitochondria from the control group cells.

The analysis of morphological changes in
CHO-K1 cells with the use of fluorescence mi-
croscopy, both in relation to the control group of
CHO-K1 cells and in relation to the cells exposed
for 24 hours to aloe-emodin at a dose of 15 uM,
showed that both the cell nucleus and the cell
cytoplasm exhibited a green color (Fig.2a). The
characteristic components of cells exposed to al-
oe-emodin at the above-mentioned dose, marked
with acridine orange, were numerous granules
with an intensive red-orange fluorescent color
against a background of the green-colored cyto-

plasm, which indicated activation of the lysoso-
mal compartment (Fig.2b).

DISCUSSION

Cytotoxic and cytostatic substances have mul-
tidirectional effects on the cells, and they may
disturb numerous metabolic pathways, as well
as the synthesis of nucleic acids. The cellular re-
sponse to a cytotoxic agent may manifest itself
in stopping the cell life cycle or inducing death
through, among other possibilities, apoptosis or
autophagy (McCoNKEY et al., 1996; KroL, 2002;
Riccr and Zonag, 2006; SKIERSKI, 2008).

Therefore, an important task in searching for
new antineoplastic compounds is to study their
influence not only on cancer cells but also on
healthy cells. Anthraquinones, including aloe-
emodin, are an example of compounds displaying
a multidirectional mechanism of action on the
cell. Both the results presented in this paper and
the results of previous research show (TRYBUS et
al., 2011) that aloe-emodin is an agent with a
modulating influence on the activation and dif-
ferentiation of the lysosomal compartment. On
the transmission electron microscopy level, an
increased number of primary and secondary ly-
sosomes was observed, which could indicate an
intensification of lysosomal degradation (Fig.le
and Fig.1f). Activation of the lysosomal compart-
ment was also confirmed by fluorescent micros-

Fig. 2. (a) — The CHO-K1 control cells not exposed to aloe-emodin (stained with acridine orange); (b) - The CHO-K1 cells
after 24-hour incubation with aloe-emodin at a dose of 15 uM (stained with acridine orange). {-numerous lysosomes in the

cytoplasm.
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Fig. 3. Comparison of the average size of mitochondria in
CHO-K1 cells after the exposure to different doses of aloe-
emodin. *** P<0.001 compared with the control group.

copy, since the cells encumbered with anthraqui-
none displayed intensification of the red-orange
fluorescent hue in the cytoplasm, indicating an
increase in the number of lysosomes containing
protonated acridine orange which had been in-
troduced into the lysosomes at a high concentra-
tion together with hydrogen ions (Fig.2b).

This happens because the lysosomal system
is one of the first systems in the cell to respond
to stress factors through an increase in the num-
ber of lysosomes together with the number of
hydrolases contained within them (KLIONSKY and
Emg, 2000; KroL, 2002). A relationship between
the dose of aloe-emodin and the increase in the
number and size of autophagic vacuoles has been
observed. The greatest increase in the size of au-
tophagic vacuoles (containing degraded cytosol
elements together with organelles), in compari-
son with the control group cells, was observed
after the application of aloe-emodin at a dose
of 100 uM (Fig.1f, Fig.4). The results obtained
suggest that the intensification of autophagic
processes observed in the studied cells is the re-
sponse of the cells to aloe-emodin. The literature
indicates that excessive activation of autophagy,
during disturbed cell homeostasis, may, in con-
sequence, even lead to cell death (Kunpu and
TromPsoN, 2005; Ricci and Zong, 2006; THOR-
BURN, 2008; HsieH et al., 2009). The obtained
results showed that irregularly shaped nucleus
visible in Fig.lc, and the nuclear fragmenta-
tion visible in Fig.1d are typical morphological
changes characteristic of apoptosis, one of the in-
dicators of which are the changes starting in the
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Fig. 4. Comparison of the average size of autophagic vacuoles
in CHO-K1 cells after the exposure to different doses of aloe-
emodin. *** P<0.001 compared with the control group.

cell nucleus. These changes are associated with
chromatin at an early stage, and at a later stage
fragmentation of the cell nucleus occurs (HACKER,
2000). The changes observed in the nuclei of cells
encumbered with aloe-emodin can be connected
with its influence on nuclear DNA. This is con-
firmed by the studies of PECERE et al. (2000, 2003)
who demonstrated the ability of aloe-emodin to
enter the cytoplasm and later to penetrate into
the nucleus and interact with DNA.

The dispersion of the Golgi apparatus cister-
nae in the cytoplasm, which was observed in the
study (Fig.1c), could be the effect of aloe-emodin
on the cell, as well as one of the signs of apoptot-
ic changes occurring in this organelle. The Golgi
complex is an organelle which is engaged in the
apoptosis process together with the mitochon-
dria. The membrane of the Golgi apparatus con-
tains the protein caspase-2 which participates
in the transduction of the proapoptotic signal
which is caused by stress or by changes taking
place within the endoplasmic reticulum (SESso et
al., 1999; Barr, 2000; ManNciInI et al., 2000). The
dispersion of the Golgi apparatus cisternae indi-
cates that, as an effect of aloe-emodin activity,
the disorganization of the cell cytoskeleton may
take place, which in turn may indicate inhibi-
tion of the proliferation of CHO-K1 cells. Numer-
ous published data show that a similar extent
of morphological changes was demonstrated in
the studies on other cytostatic, plant-based com-
pounds used in chemotherapy (such as vinblas-
tine, vincristine or colchicine) which act on the
mitotic spindle through the depolymerisation of
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microtubules and whose action results in, among
other effects, the dispersion of the Golgi appa-
ratus cisternae (PAVELKA and ELLINGER, 1983;
TURNER and TarTAKOFF, 1989; KROL et al., 1994;
KroL, 1996; GREEN and REED, 1998; KrOL, 1998;
TaYBERG and MOSKALEWSKI, 1999; Kror, 2002;
Hick and MAcHAMER, 2005).

The assessment of ultrastructural changes in
CHO-K1 cells effectuated by different doses of al-
oe-emodin shows that anthraquinone also influ-
ences the mitochondrial structure. The relation-
ship between the dose of the studied agent and
the changes in the mitochondrial structure has
been confirmed. The exposure of CHO-K1 cells to
aloe-emodin at a dose of 45-100 uM (Fig.1d,1e,1f)
caused an increase in the size of these orga-
nelles, which might suggest an increased energy
requirement of the studied cells. Aloe-emodin
added to the culture at a dose of 15 uM (Fig.1c)
causes a statistically significant (in comparison
with the control) increase in the size of mitochon-
dria, which indicates high amplitude swelling.
The demonstrated changes can be confirmed by
numerous literature data which show that early
apoptotic changes in the cell are accompanied by
mitochondrial swelling (HACKER, 2000). Damage
to mitochondria is one of the traits of cells which
are led to the programmed cell death pathway;
the opening of the mitochondrial channels may
trigger the release of caspase-activating pro-
teins from the intermembrane space into cyto-
sol, which in turn induces the apoptosis process
(GREEN and REED, 1998; WaNG, 2001; MANYGOATS
et al., 2002; GREEN and KROEMER, 2004; CZARNEC-
KA et al., 2006; JEoNG and SroL, 2008; STANCZYK
and MAJSTEREK, 2008). In turn, the removal of
mitochondria — the apoptosis integrators — from
the cell, as a result of autophagic process
stimulation (Fig.1f) might contribute to pro-
tecting the cell from being led to the cell death
pathway (LocksHIN and ZAKERI, 2004).

The obtained results show that aloe-emodin
causes significant changes in the morphological
profile of CHO-K1 cells, and the form and extent
of the changes in the ultrastructure of the stu-
died cells is dependent on the dose used.

REFERENCES

AcarwaL, S.K., S.S. SincH, S. VERMA, and S. Kumar. 2000.
Antifungal activity of anthraquinone derivatives from
Rheum emodi. J. Ethnopharmacol. 72: 43-417.

BaRR, F.A. 2000. Life, death and the Golgi complex. . Club
365-366.

Cuen, S.H., KY. LiN, C. Cuang, C.L. Fang, and C.P. Lin.
2007. Aloe-emodin-induced apoptosis human gastric
carcinoma cells. Food Chem. Toxicol. 45: 2296-2303.

CHERNG, J .M., W. CHiaNG, J . H. Wang, C.M. LiN, C.Y. Lig, C.M.
Suix, and L.C. Cianc. 2008. Anthraquinones of edible
wild vegetable Cassia tora stimulate proliferation of
human CD4+ T lymphocytes and secretion of interferon-
gamma or interleukin 10. Food Chem. 107: 1576-1580.

Cooroosamy, R.M., and M.L. Macwa. 2006. Antibacterial
activity of aloe emodin and aloin A isolated from Aloe
excels. Afr. J. Biotechnol. 5: 1092-1094.

CZARNECKA, A., P. GoLIK, and E. BarTNIK. 2006. Mitochondria
jako integratory apoptozy. Post. Biol. Kom. 33: 342-357.

GreeN, D.R., and G. KroEMER. 2004. The pathophysiology of
mitochondrial cell death. Science 305: 626-629.

GreeN, D.R., and J.C. REep. 1998. Mitochondria and
apoptosis. Science, 281, 1309-12.

HACKER, G. 2000. The morphology of apoptosis. Cell Tis. Res.
301: 5-17.

Harnagi, L., A. Isakovic, N. Raicevic, Z. Marxovic, B.
Toporovic-Markovic, N. Nikoric, S. VRanJEs-DJjuric, 1.
Magrkovic, and V. Traskovic. 2007. Multiple mechanisms
underlying the anticancer action of nanocrystalline
fullerene. Eur. J. Pharmacol. 568(1-3):89-98.

Hick, S.W., and C.E. MacHAMER. 2005. Golgi structure in
stress sensing and apoptosis. Biochim. Biophys. Acta,
1744; 3:406-14.

Hsien, Y.C., M. AtHar, and I.H. CnHauDpry. 2009. When
apoptosis meets autophagy: deciding cell fate after
trauma and sepsis. Trends Mol. Med. 15, 3, 129-38.

JEONG, S.Y., and D.W. StoL. 2008. The role of mitochondria
in apoptosis. BMB reports, 11-22.

Kuionsky, D.dJ., and S.D. EMR. 2000. Autophagy as a regulated
pathway of cellular degradation. Science 290: 1717-21.

KroL, T., M. Scumipr, A. Koratas, and B. WiteEk. 1994.
Vinblastine-induced autophagy in mouse liver. Comp.
Biochem. Physiol. Pharmacol. Toxicol. Endocrinol.
107:165-169.

Kror, T. 1996. Vincristine-induced autophagy in
mouse liver. Acta Biol. Cracov. ser. Zool. 38: 5-8.

KRroL, T. 1998. Influence of colchicine on autodegradation in
mouse hepatocytes. Acta Biol. Cracov. ser. Zool. 40: 31-
39.

Kror, T. 2002. Wpltyw wybranych cytostatykéw na procesy
autodegradacyjne w przedziale lizosomalnym komorek
watroby myszy. ELIPSA W-wa.

Kunpu, M., and C.B. ThHompsoN. 2005. Macroautophagy
versus mitochondrial autophagy: a question of fate? Cell
Death Diff. 12: 1484-1489.

Kuvo, P.L., T.C. Lin, and C.C. Lin. 2002. The antiproliferative
activity of aloe-emodin is through p53-dependent and



78 Trybus et al.

p21-dependent apoptotic pathway in human hepatoma
cell lines. Life Sci. 71: 1879-1892.

Lai, M.Y., M.J. Hour, H. LeunGg, W.H. Yang, and H.Z. LEE.
2007. Chaperones are the target in aloe-emodin-induced
human lung nonsmall carcinoma H460 cell apoptosis.
Eur. J. Pharmacol. 573: 1-10

LiN, C.W., C.F. Wu, N.W. Hsiao, C.Y. CHang, S.W. Li, L.
Wan, Y.J. LiN, and W.Y. LiN. 2008. Aloe-emodin is an
interferon-inducing agent with antiviral activity against
Japanese encephalitis virus and enterovirus 71. Int. <J.
Antimicrob. Agents 32: 355-359.

Liu, X.N.,, C.Y. Zuanc, X.D. Jin, Y.Z. L1, X.Z. ZHENG, and L. L1.
2007. Inhibitory effect of schisandrin B on gastric cancer
cells in vitro. World J. Gastroenterol. 28: 6506-6511

LocksHIN, R.A., and Z. Zakeri. 2004. Apoptosis, autophagy,
and more. Int. J. Biochem. Cell Biol. 36:2405-2419.

Lu, G.D., HM. Suen, M.C. Cuung, and C.N. Onc. 2007.
Critical role of oxidative stress and sustained JNK
activation in aloe-emodin-mediated apoptotic cell death
in human hepatoma cells. Carcinogenesis 28: 1937-1945.

Mancini, M., C.E. Machamer, and S. Roy. 2000. Caspase-2
is localized at the Golgi complex and cleaves Golgin-160
during apoptosis. J. Cell Biol. 149: 603-612.

Manycoars, K.R., M. Yazzie, and D. SteEarRNs. 2002.
Ultrastructural damage in chromium picolinate-treated
cells: a TEM study. <J. Biol. Inorg. Chem. 7: 791-798.

MarzeLLA, L., and H. GLaUMANN. 1980. Increased degradation
in rat liver induced by vinblastine II: Morphological
characterization. Lab. Invest. 42, 8-27

McConkey, D.J., B. Zuivorovsky, and S. ORRENIUS. 1996.
Apoptosis-molecular mechanisms and biomedical
impilactions. Molec. Aspects Med. 17: 1-110.

Muatovic, S., D. Maksmovic-Ivanic, J. Rapovic, D.J.
Mivskovic, L.J. Haruagi, O. Vuckovic, S. Stosic-GRruJicIc,
M. Mostarica-Stoskovic, and V. Traskovic. 2005. Anti-
glioma action of aloe emodin: the role of ERK inhibition.
Cell Mol. Life Sci. 62: 589-598.

PavirLka, M., and A. ELLINGER. 1983. Effect of colchicine on
the golgi complex of rat pancreatic acinar cells. J. Cell
Biol. 97: 737-48.

Pecerg, T., M.V. Gazzora, C. MucieNat, C. Paronin, F.D.
VEccHIA, A. Cavacaion, G. Basso, A. Diaspro, B. SaLvato,
M. Carui, and G. PaLu. 2000. Aloe-emodin is a new
type of anticancer agent with selective activity against
neuroectodermal tumors. Cancer Res. 60:2800-4.

Pecerg, T., F. SariNeLLs, C. Savata, B. Garro, A. Ber, F.
Darra-VEeccHiA, A. Diaspro, M. Carui, M. PaLumBo, and
G. PavLu. 2003. Involvement of p53 in specific anti-
neuroectodermal tumor activity of aloe-emodin. Int. J.
Cancer 106, 836—-847

Riccr, M.S., and W.X. Zonc. 2006. Chemotherapeutic
approaches for targeting cell death pathways. Oncologist
11: 342-357

SEsso, A., D.T. Fusiwara, M. JAEGER, R. JAEGER, T.C. L1, M.M.
MontEIRo, H. CorrEa, M.A. FERREIRA, R.I. SCHUMACHER,
J. BELIsARIO, B. KacHAR, and E.J. CHEN. 1999. Structural
elements common to mitosis and apoptosis. Tiss. Cells
31: 357-371.

SKIERSKI, J. 2008. Badanie dziatania cytotoksyczne go
substancji chemicznych. Post. Biol. Kom. 35: 147-163.
Staxczyk, M., and I. MaJstErek. 2008. Apoptoza-cel
ukierunkowanej terapii przeciw-nowotworowej. Post.

Biol. Kom. 35: 467-484.

THORBURN, A. 2008. Apoptosis and autophagy: regulatory
connections between two supposedly different processes.
Apoptosis 13: 1-9.

THYBERG, J., and S. MoskaLEWSKI. 1999. Role of microtubules
in the organization of the golgi complex. Exp. Cell Res.
246, 263-279.

TryBus, W., T. Kror, H. LacH, E. TryBus, and A. Koracz-
BepNaARsKA. 2011. Time- and dose- dependent sub-
microscopic changes in CHO-K1 cells following aloe-
emodin administration. Materials of 20" International
Symposium ,,Molecular and Physiological Aspects of
Regulatory Processes of the Organism” 279-280.

TUrNER, J.R., and A.M. Tarrakorr. 1989. The response of
the golgi complex to microtubule alterations: the roles of
metabolic energy and membrane traffic in Golgi complex
organization. J. Cell Biol.109: 2081-2088.

Wana, X. 2006. 2001. The expanding role of mitochondria in
apoptosis. Genes Dev. 15:2922-2933

Yu, C.S., F.S. Yu, J.K. Cuan, T.M. L1, S.S. LiN, S.C. CHEN,
T.C. Hsia, Y.H. CHang, and J.G. CHUNG. 2006. Aloe-
emodin affects the levels of cytokines and functions of
leukocytes from Sprague-Dawley rats. In Vivo 20: 505-9.

7Zanp1, K., M.A. ZapgeH, K. Sarrtavi, and Z. Rastian. 2007.
Antiviral activity of Aloe vera against herpes simplex
virus type 2: An in vitro study. Afr. J. Biotechnol. 6:
1770-1773.



