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Ethnopharmacological relevance: Aloe barbadensis Mill. (Aloe vera) is a widely used medicinal plant well
reputed for its diverse therapeutic applications. It has been used for thousands of years in folk medicine
to treat various conditions and the Aloe vera gel has been reported to possess anti-inﬂammatory as well
as immunostimulatory and immunomodulatory properties. However, the mode of action is still unclear.
Aim of the study: The aim of this study was determine the effects of two well-deﬁned A. barbadensis Mill.
extracts AVH200s and AVE200 on human blood T cells in vitro.
Materials and methods: Peripheral blood mononuclear cells (PBMC) from healthy donors were stimulated
polyclonally in the presence or absence of AVH200s and AVE200. The T cell phenotype was investigated
by ﬂow cytometry, cell proliferation was determined by CFSE dye and thymidine assay, respectively and
cytokine secretion was determined by MSDs Multi-Spot Assay system and ELISA.
Results: The presence of AVH200s resulted in a reduced expression of CD25 among CD3 þ T cells and
suppression of T cell proliferation in a dose dependent manner. Furthermore, AVH200s reduced the
expression of CD28 on CD3 þ T cells. AVH200s also reduced the secretion of IL-2, IFN-γ and IL-17A in
PBMC cultures. The AVH200s dose dependent reduction in T cell activation and proliferation recorded in
the cell cultures was not due to apoptosis or cell death. Additionally, AVH200s was found to be more
effective as compared to AVE200 in reducing T cell activation and proliferation.
Conclusion: AVH200s has the potential to reduce the activation, proliferation and cytokine secretion of
healthy human blood T cells. Our study suggests that AVH200s has a suppressive effect on human blood
T cells in vitro.
& 2016 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction
An inﬂammatory reaction is the body’s basic response to infection and injury. However, excessive and inappropriate inﬂammation can also be the underlying cause of several chronic
inﬂammatory diseases. These inﬂammatory conditions, although
affecting a substantial proportion of the population, lack effective
long-term treatment options. Conventional therapies such as analgesics, corticosteroids and non-steroidal anti-inﬂammatory
drugs which aim to reduce major symptoms like pain, inﬂammation and swelling are not always successful in achieving remission
n
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(Dahlen et al., 2013; Davis et al., 2006). Many patients become
refractory to the conventional therapies and may also suffer from
serious side-effects of treatment. Thus, it is not surprising that
several patients seek complementary and alternative medicine
such as herbal therapy for the treatment and management of their
symptoms associated with chronic inﬂammatory diseases (Langmead et al., 2004a; Langmead and Rampton, 2006).
Aloe barbadensis Mill. (Aloe vera) is a widely used medicinal
plant well reputed for its diverse therapeutic applications (Reynolds and Dweck, 1999; Rodriguez et al., 2010) and different Aloe
species have been used in folk medicine for thousands of years to
treat a number of inﬂammatory conditions such as dermatitis,
conjunctivitis and inﬂamed joints (Morton, 1961). Aloe vera gel is
the colorless mucilaginous gel contained in the parenchyma cells
or inner part of the fresh Aloe vera plant leaves. The gel is considered to contribute to a majority of the therapeutic properties of
the plant and has been reported to stimulate wound healing and
possess anti-diabetic, anti-oxidant, anti-inﬂammatory as well as
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immunostimulatory and immunomodulatory properties (Davis
et al., 1994; Im et al., 2010; Langmead et al., 2004b; Rodriguez
et al., 2010; Vazquez et al., 1996; Vijayalakshmi et al., 2012;
Yongchaiyudha et al., 1996; Zhang and Tizard, 1996). Although the
gel consists primarily of water (498%) it also contains over 70
biologically active components, amongst which acetylated mannose (acemannan), β-sitosterol, bradykinase and glycoprotein are
some of the chemical components which have been implicated for
the various therapeutic effects (Bozzi et al., 2007; Davis et al.,
1994; Habeeb et al., 2007; Reynolds and Dweck, 1999; Rodriguez
et al., 2010). However, the controversy regarding component or
group of components responsible for Aloe vera’s functional activities remains unresolved.
Although there is, as yet, little conﬁrmed scientiﬁc evidence,
the anti-inﬂammatory activity of Aloe vera has been evaluated in
various types of study models, and the positive results can be
considered encouraging. Aloe vera has been shown to have antiinﬂammatory effects by signiﬁcantly reducing leucocyte-endothelium interactions, serum levels of TNF-α and IL-6 and reduction in mRNA expression of colonic mucosal TNF-α and IL-1β
as seen in Helicobacter pylori-infected rats and colitic and gastric
ulcer rat models (Duansak et al., 2003; Eamlamnam et al., 2006;
Park et al., 2011; Prabjone et al., 2006). Furthermore it has been
demonstrated that Aloe vera decreased the production of prostaglandin E2 and IL-8 from epithelial cell lines and colorectal
biopsies from patients with active ulcerative colitis (Langmead
et al., 2004b). Aloe vera has also been shown to inhibit immune
activity by the reduction of pro-inﬂammatory cytokines (TNF-α,
IL-1β, IL-6, IL-8) in human peripheral blood leukocytes, human
monocyte derived macrophages and a human monocyte cell-line
(Budai et al., 2013; Habeeb et al., 2007).
The anti-inﬂammatory effect of Aloe vera, although shown in
several studies, is not well explored and understood. The studies
mentioned above supporting the anti-inﬂammatory effect of Aloe
vera are inconsistent in the form of Aloe vera used and the method
of preparation differs, which makes it difﬁcult to compare the
different products and correlate the anti-inﬂammatory effect with
the form and composition of the product tested (Budai et al., 2013;
Duansak et al., 2003; Eamlamnam et al., 2006; Habeeb et al., 2007;
Park et al., 2011; Prabjone et al., 2006; Vijayalakshmi et al., 2012).
Additionally, as mentioned above, certain gel components have
also been implicated to have immunostimulatory activities (Lee
et al., 2001; Yu et al., 2009; Zhang and Tizard, 1996), which further
emphasizes on the pharmacologically complex nature of Aloe vera
and the importance of the chemical composition of the Aloe vera
gel.
We hypothesized that a freeze dried inner leaf gel extract from
A. barbadensis Mill. (AVH200s), with a well-deﬁned chemical
composition, has immunosuppressive properties. Therefore, the in
vitro effects of A. barbadensis Mill. extract (AVH200s) with regards
to activation, proliferation and cytokine secretion of blood T cells
from healthy human subjects were established in this study. Furthermore, we aimed to compare two A. barbadensis Mill. extracts
AVH200s and AVE200 differing on the basis of their chemical
composition, to determine if they differed in immunosuppressive
activity.

20130701), also from a similar plant source A. barbadensis Mill.,
with a somewhat different chemical composition was also provided by Calmino group AB and used for comparison with
AVH200s. Both extracts were puriﬁed inner leaf gel decolorized
extracts (200:1 concentrated solids relative fresh aloe vera inner
leaf gel), containing less than 1 ppm aloin (anthraquinone) and
also have well-deﬁned acemannan content, a quality marker
commonly used for deﬁning aloe vera extracts, as well as one of
the bioactive components which is claimed to be responsible for
Aloe vera’s therapeutic properties (Rodriguez et al., 2010).
AVH200s contains a higher percentage of acemannan as compared to AVE200. The plant name has been checked with theplantlist.org (record kew-297107).
2.2. Study subjects and sample collection
Twenty healthy individuals between the age of 18 years and 60
years were recruited as study subjects, from whom venous blood
was collected. None of the recruited individuals met the exclusion
criteria including antibiotic treatment, oral or topical usage of any
Aloe vera products or treatment with any anti-inﬂammatory drug
such as ibuprofen or corticosteroids during the last three months.
Furthermore, none of the study subjects were suffering from any
chronic disease with ongoing medication that could affect their
immune system or have risk of hemorrhage. The study subjects
were however not checked for food or dietary supplements. The
study was performed after receiving informed written consent
from all study subjects, and the protocol was approved by the
Regional Ethical Review Board in Gothenburg.
2.3. Isolation and stimulation of peripheral blood lymphocytes
Peripheral blood mononuclear cells (PBMCs) were isolated
from heparinized venous blood by density-gradient centrifugation
on Ficoll-Paque (GE Healthcare Bio-Sciences AB, Uppsala, Sweden).
The PMBC population was cultured in Iscove’s medium supplemented with 5% human AB þ Serum, 0.5% Gentamicin (Life Technologies, UK) and 1% L-glutamine (Sigma-Aldrich, Missouri, USA)
for 3 days.
The cell cultures were stimulated polyclonally in ﬂat bottomed
96-well plates (Nunc, Roskilde, Denmark). Polyclonal stimulation
of T cells was carried out either by adding phytohemagglutinin
(PHA), lectin from phaseolus vulgaris, (Sigma-Aldrich) at the ﬁnal
concentration of 2 mg/ml to the cell cultures or by precoating with
3 μg/ml goat anti-mouse IgG (Jackson Immunoresearch labs, West
Grove, PA) and adding 12.5 ng/ml mouse anti-CD3mAb (BD Pharmingen, San Diego, CA) and 0.05 μg/ml soluble anti-CD28mAb (BD
Pharmingen). T cell stimulation was carried out in the presence
and absence of the two different A. barbadensis Mill. extracts at
different concentrations. Increasing concentrations (0.5, 1.0, 2.5 or
5.0 mg/ml) of AVH200s and 2.5 mg/ml of AVE200 were added to
the cell cultures. The anti-TNF antibody Inﬂiximab (IFX) was included as a control in some experiments and was added to cultures at a concentration of 10 μg/ml. Consecutive cell culture supernatants were collected and stored every 24 h and at the end of
the cell culture on day 3 for each culture combination. Cell culture
supernatants taken from PBMC cultures were stored at  20 °C
until analysis.

2. Materials and methods
2.4. Proliferation assays
2.1. Plant material – Aloe vera extract
A freeze dried inner leaf gel extract from A. barbadensis Mill.
(AVH200s Batch: 2013016) currently undergoing a Patent search,
with a speciﬁed chemical composition was obtained from Calmino
group AB, Sweden. A second freeze dried extract AVE200 (Batch:

The T cell proliferation was measured by analysis of 5, 6-carboxyﬂuorescein diacetate succinimidyl ester (CFSE)-emitting cells.
CFSE (Invitrogen, Oregon, USA) was added to PBMCs in the ﬁnal
concentration of 0.2 mM and incubated at 37 °C for 10 min. Cells
were then immediately washed with Iscove’s medium
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supplemented with 5% AB þ serum, 0.5% Gentamicin and 1% Lglutamine after the CFSE incubation period. Cells were then cultured for 3 days and thereafter labelled with anti-CD3-PE-CF594,
anti-CD4-PE-Cy7 and anti-CD8-APC-H7 (BD Pharmingen) and
analyzed by ﬂow cytometry as described below.
T cell proliferation was also measured at the end of the 3 day
cell culture by pulsing the cells with 0.5 mCi of [3H] thymidine/well

303

(PerkinElmer, Boston, USA) for the last 8 h, and the incorporated
radioactivity was analyzed using a scintillation counter.
2.5. Flow cytometric staining and analysis
Cells cultured (2  105 cells/sample) for 3 days were stained for
ﬂow cytometry analysis of various surface markers using

Fig. 1. Effect of increasing concentration of AVH200s on activation and proliferation of polyclonally stimulated T cells. Total PBMCs were stimulated with PHA in the
presence or absence of increasing concentration of AVH200s (0.5, 1.0, 2.5, 5.0 mg/ml). (A) Gating strategy for T cells identiﬁed as CD3 þ cells. The frequency of activated T
cells and proliferating T cells was deﬁned as CD25 þ cells and CFSE analyzed proliferating cells among live Annexin V  CD3 þ T cells, respectively. Histograms show the
unstimulated T cells as negative control (grey solid) and frequency of activated T cells and proliferating T cells, respectively (black line – colourless). (B) Activated T cells
identiﬁed by the frequency of CD25 þ cells among live CD3 þ T cells (n ¼16). (C) The proliferating cells among live CD3 þ T cells measured by analysis of 5, 6-carboxyﬂuorescein diactate ester (CFSE) emitting cells by ﬂow cytometry (n¼14). (D) Thymidine assessed proliferation given as the mean proliferation of triplicate wells (counts per
minute) (n ¼20).
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Fig. 2. Effect of increasing concentration of AVH200s on FOXP3 þ T cells and CD28 expression in polyclonally stimulated T cells. Total PBMCs stimulated with PHA in the
presence or absence of increasing concentration of AVH200s (0.5, 1.0, 2.5, 5.0 mg/ml). (A) The frequency of FOXP3 þ cells among CD4 þ T cells (n¼ 19). (B) Expression
intensity of CD28 cells among CD3 þ T cells expressed as median ﬂuorescence intensity (MFI) of CD28 on CD3 þ T cells (n¼ 14).

combinations of the following antibodies: anti-CD3-PE-CF594
(clone UCHT1), anti-CD4-PE-Cy7 (clone SK3), anti-CD8-APC-H7,
7AAD, AnnexinV-APC, anti-CD28-PerCP-Cy5.5, anti-FOXP3-Alexa
Flours647 (clone 259D/C7) (all from BD Pharmingen). Before
staining with Alexa Flours647-conjugated anti-FOXP3 antibodies,
the cells were ﬁxed and permeabilized with ﬁxation/permeabilization buffer (BD Bioscience). Intracellular staining and washing
were performed in permeabilization buffer (BD Bioscience). For
analysis of T cell apoptosis cells were diluted in Annexin V Binding
Buffer (BD Pharmingen).
The frequency of apoptotic cells was deﬁned as Annexin V þ
cells among CD3 þ T cells and the frequency of dead cells was
deﬁned as 7AAD þ cells among CD3 þ T cells. The frequency of
activated T cells and proliferating T cells was deﬁned as CD25 þ
cells and CFSE analyzed proliferating cells, among live Annexin V 
CD3 þ T cells, respectively (gated as seen in Fig. 1A). Flow cytometry analysis was performed using an LSR II ﬂow cytometer (BD
Pharmingen), and at least 10,000 lymphocytes per sample were
analyzed, as deﬁned by forward and side scatter. T cells were
identiﬁed based on their expression of CD3 or CD4 and CD8. The
data were analyzed using Flow Jo software (Treestar Inc., Ashland,
OR, USA).
2.6. Cytokine analysis
The amounts T cell cytokines IL-2, IFN-γ, IL-4, IL-5, IL-13, IL-17A
secreted in culture supernatants were measured by MSDs MultiSpot Assay system (Meso scale diagnostics, Maryland, USA), according to the manufacturer’s instructions. Supernatants were also
evaluated for the production of IFN-γ using Human IFN gamma
ELISA Ready-SET-Go!s (eBioscience, UK) according to manufacturer's instructions.
2.7. Statistical analysis
All statistical evaluations were performed with GRAPHPAD
Prism 5.0 (GraphPad Software, La Jolla, USA). Wilcoxon signed rank
test was used to evaluate differences between two sets of paired
samples. Friedman’s test followed by Dunn’s multiple comparison
test was performed to evaluate the differences between groups of
three of more. P values o0.05 were considered as statistically
signiﬁcant. Histogram overlay was constructed using the FlowJo

software (Tree Star Inc., Ashland, USA). Data given in the ﬁgures
and text are presented as median, 25–75 percentile.

3. Results
3.1. AVH200s reduces activation and decreases proliferation of
polyclonally stimulated T cells in a dose dependent manner
To evaluate the effect of AVH200s on T cells, PHA stimulated
PBMCs were cultured for 3 days in the absence or presence of
AVH200s at increasing concentrations (0.5, 1.0, 2.5, 5 mg/ml).
Activated T cells were identiﬁed by the expression of CD25 among
live Annexin V  CD3 þ T cells (Fig. 1A). When cultured in the
presence of AVH200s the frequency of CD3 þ T cells expressing
CD25 decreased with increasing concentration of AVH200s
(P o0.0001) (Fig. 1B). Along with the decreased T cell activity, ﬂow
cytometric analysis of CFSE-stained live Annexin V  CD3 þ T cells
(gated as shown in Fig. 1A) showed that AVH200s also reduced
the proliferation of polyclonally stimulated T cells in a dose dependent manner (P o0.0001) (Fig. 1C).
Presence of AVH200s had similar effects on CD4 þ T cells and
CD8 þ T cells (data not shown). The reduced proliferative response
in the T cell population seen in the presence of AVH200s was
further established by thymidine assessed proliferation showing a
dose dependent decrease (P o0.0001) (Fig. 1D). The dose dependent reduction in CD25 expression and proliferating cells among
live CD3 þ T cells was also conﬁrmed on human blood T cells by the
use of two different batches of AVH200s, both batches showing
very similar reductions (data not shown).
The presence of AVH200s also affected the frequency of
FOXP3 þ cells among CD4 þ T cells. A dose dependent reduction in
the frequency of FOXP3 þ cells among CD4 þ T cells was seen in the
presence of increasing concentrations of AVH200s (P o0.0001)
(Fig. 2A). Furthermore, the frequency of CD3 þ T cells expressing
the co-stimulatory molecule CD28 was not inﬂuenced by the
presence of AVH200s (data not shown). However, the CD28 expression intensity, expressed as median ﬂuorescence intensity
(MFI), was reduced in the presence of increasing concentrations of
AVH200s (Po0.0001) (Fig. 2B).
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Fig. 3. Effect of increasing concentrations of AVH200s on apoptosis and cell death in polyclonally stimulated T cells. Total PBMCs were stimulated with PHA in the presence
or absence of increasing concentration of AVH200s (0.5, 1.0, 2.5, 5.0 mg/ml). (A) The frequency of Annexin V þ cells among CD3 þ T cells, indicative of apoptotic cells (n¼ 16).
(B) The frequency of 7AAD þ cells among CD3 þ T cells, indicative of cell death (n¼ 18).

3.2. AVH200s has only minor effects on apoptosis and cell death in
polyclonally stimulated T cells

3.3. AVH200s is more efﬁcient than AVE200 in reducing activation
and proliferation in polyclonally stimulated T cells

The frequencies of apoptotic and dead cells among CD3 þ T cells
cultured in the presence of AVH200s were measured by Annexin
V and 7AAD, respectively. AVH200s increased the frequency of
Annexin V þ cells among the CD3 þ T cell population, indicative of
apoptotic cells (P o0.0001) (Fig. 3A). However, it was only a minor
increase of apoptotic cells, from 3% (2.5–3.5%) in the stimulated
control to 8% (5.5–11%) in the presence of 5.0 mg/ml AVH200s.
The frequency of 7AAD þ cells among the CD3 þ T cells, indicative
of cell death, also increased in the presence of AVH200s
(P ¼0.007) but did not have a dose dependent trend with increasing concentrations of AVH200s, showing only a marginal
increase from 3% (2.8–3.7%) in the stimulated control to 4.5% (3–
7.8%) in the presence of 5.0 mg/ml AVH200s (Fig. 3B).

To compare the effects of AVH200s and AVE200 on T cell activation and proliferation, polyclonally stimulated PBMCs were
cultured for 3 days in the absence or presence of 2.5 mg/ml of
AVH200s and 2.5 mg/ml of AVE200, respectively. AVH200s decreased the frequency of CD3 þ T cells expressing the activation
marker CD25 more as compared to AVE200 at the same concentration (Fig. 4A). In line with this, ﬂow cytometric analysis of
CFSE-stained CD3 þ T cells showed that AVH200s reduced the
proliferation of polyclonally stimulated T cells more as compared
to AVE200 (Fig. 4B). The difference between the effect of AVH200s
and AVE200 on the proliferative response in the CD3 þ T cell population was also conﬁrmed by thymidine assessed proliferation,
showing that AVH200s reduced the T cell proliferation to a greater

Fig. 4. A comparison between the effects of AVH200s and AVE200 on polyclonally stimulated T cells. Total PBMCs were stimulated with PHA in the presence or absence of
AVH200s and AVE200 at the same concentration (2.5 mg/ml). (A) The frequency of CD25 þ cells among CD3 þ T cells (n¼ 15). (B) The proliferation of CD3 þ T cells, measured
by analysis of 5, 6-carboxyﬂuorescein diactate ester (CFSE) emitting cells by ﬂow cytometry (n¼ 17). (C) Thymidine assessed proliferation given as the mean proliferation of
triplicate wells (counts per minute) (n ¼20).
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Fig. 5. A comparison between the effects of AVH200s and inﬂiximab (IFX) on polyclonally stimulated T cells. Total PBMCs were stimulated with PHA or CD3/CD28 antibodies
in the presence or absence of AVH200s (1.0 mg/ml) or IFX (10 μg/ml) for 3 days. Activated CD25 þ CD3 þ T cells were gated as shown in Fig. 1A. The frequency of CD25 þ cells
among CD3 þ T cells stimulated with PHA (A) and CD3/CD28 (B) is shown (n¼ 6).

extent as compared to AVE200 at the same concentration (Fig. 4C).
Thus, AVH200s with its speciﬁc chemical composition was more
effective than AVE200, in reducing the expression of CD25 and
decreasing proliferation in polyclonally stimulated T cells.

AVH200s and decreasing with 2.5 mg/ml of AVH200s (Fig. 6C).
Further, a dose dependent reduction of IL-17A was detected in the
presence of increasing AVH200s concentrations (P o0.001)
(Fig. 6D).

3.4. AVH200s effects on T cells resembles effects of TNF antibodies in
vitro

4. Discussion

Furthermore, we compared the in vitro effects of AVH200s and
inﬂiximab (IFX), a standard drug with immunosuppressive activity, on polyclonally stimulated T cells. Total PBMCs were stimulated
with PHA or CD3/CD28 antibodies and cultured for 3 days in the
absence or presence of AVH200s (1.0 mg/ml) and IFX (10 μg/ml),
respectively. AVH200s decreased the frequency of CD3 þ T cells
expressing the activation marker CD25 in T cell cultures that were
stimulated with either PHA or CD3/CD28 antibodies. In contrast,
the well-established immunosuppressive drug IFX were only able
to reduce the frequency of CD3 þ T cells expressing the activation
marker CD25 in T cell cultures that were stimulated with CD3/
CD28 antibodies but not PHA (Fig. 5A and B).
3.5. AVH200s reduces cytokine secretion of T cells
Finally, the effect of AVH200s on T cell secretion of cytokines
was examined by measuring the levels of secreted cytokines in
supernatants of polyclonally stimulated PBMC cultures after 1,
2 and 3 days. The level of IL-2, known for its role in T cell proliferation and differentiation, was analyzed at day 1, 2 and 3. A
dose dependent reduction in IL-2 secretion in the presence of increasing concentrations of AVH200s was recorded on day 1
(P ¼0.0008), whereas IL-2 secreted on days 2 and 3 at large was
not affected by the presence of AVH200s. However, the overall IL2 secretion on days 2 and 3 was much lower as compared to day 1
(Fig. 6A).
The levels of IFN-γ (Th1 related cytokine), IL-4, IL-5 and IL-13
(Th2 related cytokines) and IL-17A (Th17 related cytokine) secreted at day 3 were also analyzed. IL-4 secretion increased in the
presence of increasing concentrations of AVH200s (P¼0.0004),
whereas a reduction in IL-5 secretion was seen in the presence of
increasing AVH200s concentrations (Po 0.0001). However, no
difference was seen in the level of IL-13 in the presence AVH200s
(Fig. 6B). The level of IFN-γ showed an inverted V shaped dose
dependent curve, increasing in the presence of 0.5 mg/ml of

In the present study we analyzed the effects of AVH200s, a
well-deﬁned A. barbadensis Mill. extract on human blood T cells in
vitro. The addition of AVH200s to polyclonally stimulated T cells
resulted in a dose dependent reduction in activation, proliferation
and cytokine secretion of T cells, indicative of immunosuppressive
properties of the AVH200s extract in vitro.
Our results showing reduced T cell activation, proliferation and
cytokine secretion in the presence of AVH200s are in agreement
with several previous studies demonstrating immunosuppressive
effects of Aloe vera, deﬁned by reduced leukocyte adherence and
pro-inﬂammatory cytokine expression (TNF-α, IL-1β, IL-6, IL-8), in
various study models (Budai et al., 2013; Davis et al., 1994;
Duansak et al., 2003; Eamlamnam et al., 2006; Habeeb et al., 2007;
Langmead et al., 2004b; Park et al., 2011; Prabjone et al., 2006;
Vazquez et al., 1996; Vijayalakshmi et al., 2012). The anti-inﬂammatory property of the Aloe vera gel has been demonstrated
in a double-blind, randomized, placebo-controlled study, where
oral consumption of Aloe vera gel during 4 weeks improved the
clinical symptoms of patients with ulcerative colitis (Langmead
et al., 2004a). In contrast, several in vitro as well as in vivo studies
have shown immunostimulatory effects of Aloe vera polysaccharide components, in particular acemannan, inducing macrophage activation, maturation of dendritic cells and increase in
secretion of inﬂammatory cytokines IL-2, IL-6 and IFN-γ (Im et al.,
2010; Lee et al., 2001; Yu et al., 2009; Zhang and Tizard, 1996).
These contradictory effects on the immune system could possibly
be explained by different composition of the extracts used in the
studies and implicates the complex pharmacological nature of the
Aloe vera gel. Nevertheless, since no previous study has investigated the effects of the aloe vera gel extract on human T cell
activation and proliferation in vitro, our study is an important
addition to the general understanding of the effects of Aloe vera
compounds.
The activation and proliferation of T cells is a complex process
involving recognition of cognate antigen/MHC complex by the T
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Fig. 6. Effect of increasing concentration of AVH200s on polyclonally stimulated T cell cytokine secretion. Total PBMCs were stimulated with PHA in the presence or absence
of increasing concentration of AVH200s (0.5, 1.0, 2.5, 5.0 mg/ml) for 3 days. Supernatants from the cultures stimulated in the presence of 0.5 mg/ml and 2.5 mg/ml were
collected at day 1, 2 and at the end of the cell culture and the secretion of cytokines was determined. (A) Levels of IL-2 secreted at day 1 (n¼ 6), day 2 (n¼ 6) and day 3
(n¼ 13), (B) Levels of IL-4 (n¼14), IL-5 (n¼ 10) and IL-13 (n ¼14) secreted at day 3 (Th2 related cytokines) (C) Levels of IFN-γ secreted at day 3 (Th1 related cytokines) (n¼ 14),
(D) Levels of IL-17A secreted at day 3 (Th17 related cytokine) (n ¼14).
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cell receptor together with ligation of co-stimulatory molecules
such as CD28. This interaction is followed by an autocrine loop
where the T cell increases the expression of the IL-2 receptor and
secretion of IL-2. When IL-2 binds to the IL-2 receptor, which in
this study was identiﬁed by the expression of the high afﬁnity
alpha chain CD25, a cascade of reactions and signals leads to the
initiation of T cell activation and proliferation (Acuto and Michel,
2003; Bonnefoy-Berard et al., 1992; Lucas et al., 1995; PimentelMuinos et al., 1994). In our study, the presence of AVH200s had a
strong dose dependent effect on T cells, where the highest dose
almost totally blocked T cell activation and proliferation. Thus, the
reduced T cell proliferation recorded in our cell cultures correlated
well to the abrogated T cell activation as determined by reduced
CD25 expression. Similar effects, thus reduced CD25 expression
among polyclonally activated T cells, were recorded when the
well-established immunosuppressive drug Inﬂiximab (antibody
speciﬁc for TNF), were added to the cell cultures. Interestingly,
AVH200s was able to reduce CD25 expression on T cells stimulated with either PHA or CD3/CD28 antibodies, whereas Inﬂiximab
were only able to reduce CD25 expression among CD3/CD28 stimulated T cells. This suggests that AVH200s and Inﬂiximab has
somewhat different effector mechanisms in vitro, where AVH200s
is less dependent on the polyclonal activation of T cells.
Reduced activation or proliferation of a T cell culture may potentially be due to increased apoptosis and cell death and/or increased frequency of regulatory T cells with suppressive function
on effector T cells. We therefore determined these parameters
important for the reduced activation or proliferation of T cells in
the presence of AVH200s. The reduced T cell proliferation in the
presence of AVH200s was however not explained by apoptosis or
cell death since the suppressive effects of AVH200s were noted
among live, non-apoptotic CD3 þ T cells. Nevertheless, the presence of AVH200s induced apoptosis and cell death of T cells,
although the effects were minor and not dose dependent. Furthermore, the reduced T cell proliferation was not explained by
increased presence of FOXP3 þ T cells with a potential suppressive
function, as a dose dependent decrease in the frequency of
FOXP3 þ cells among CD4 þ T cells in the presence of AVH200s
was recorded in our study. Instead, a possible mechanism for the
reduced T cell proliferation caused by AVH200s may be the reduced expression intensity of CD28 seen among CD3 þ T cells.
Although CD28 is expressed on T cells in the presence of AVH200s,
shown by the unaffected frequency of T cells expressing CD28,
reduction in the level of CD28 expression intensity (i.e. number of
CD28 molecules on the cell surface) could lead to reduced T cell
activation and proliferation. How AVH200s affects the expression
intensity of CD28 is not known, but this effect could at least partly
explain the decreased T cell proliferation seen in our study. It
would be worthwhile to further study the importance of co-stimulatory signals via the CD28 receptor complex for reducing activation and proliferation of T cells in the presence of AVH200s, in
a study model making use of cognate antigen presentation via
professional antigen presenting cells such as dendritic cells or
macrophages.
We also demonstrated that AVH200s inﬂuenced the secretion
of T cell cytokines. Secretion of IL-2, secreted and consumed by all
activated T cells, on day 1 decreased in the presence of AVH200s
which correlates well to the abrogated activation and reduced
proliferation of T cells seen in our cell cultures. The overall low
levels of IL-2 secreted on day 2 and 3, irrespective of presence of
AVH200s, is indicative of the autocrine consumption of IL-2 by the
proliferating cells in cell cultures without AVH200s or reﬂects the
abrogated T cell activation and proliferation and thereby lack of IL2 secretion in cell cultures with AVH200s, respectively. Our data
also suggests that AVH200s may have a suppressive effect on Th1
and Th17 related cytokines. This could be due to a selective

downregulation in the secretion of pro-inﬂammatory cytokines IL17 and IFN-γ, (Jovanovic et al., 1998; Schroder et al., 2004), seen in
the presence of increasing concentrations of AVH200s. However,
the reduced levels of IL-17 and IFN-γ in our cell cultures may again
result from the attenuated proliferation and activation of T cells. It
should also be noted that the IFN-γ secreted in the cell culture
may not be only of T cell origin, since PHA stimulation may also
induce monocytes to secrete this cytokine. The pattern of secreted
Th2 cytokines in the presence of AVH200s was inconclusive,
which could be due to the overall low secretion level of these
cytokines or that AVH200s did inﬂuence Th2 cell cytokine
secretion.
It is interesting to note that several studies have reported similar trends in reduction of various cytokines, such as TNF-α, IL1β and IL-2 in the presence of Aloe vera (Eamlamnam et al., 2006;
Habeeb et al., 2007; Langmead et al., 2004b; Prabjone et al., 2006).
The inverted V shaped dose dependent response seen for the secretion on IFN-γ in the presence of AVH200s in our study may be
linked to the multifaceted composition of the extract and reﬂect
the complexity of the Aloe vera gel. As suggested by Langmead
et al. the complex composition of the unfractionated Aloe vera gel
extract may result in stimulatory effects at certain concentrations
owing to one or more components, which at higher concentrations
may be outweighed by the inhibitory effects of other active components found in the gel extract (Langmead et al., 2004b). However, with using only three different concentrations of AVH200s
we cannot draw any ﬁrm conclusion on whether the effects are
truly inverted V shaped dose-dependent, although the inhibition
of cytokine secretion at the higher dose is noteworthy.
Since the active substances of the Aloe vera gel can vary between different extracts, it is not surprising that the two Aloe vera
gel extracts AVE200 and AVH200s compared in our study, were
shown to have different potency. AVE200 was found to be less
effective in reducing T cell activity and proliferation at the same
concentration when compared with AVH200s. The acemannan
content of the extract, which may be considered to be indicative of
its potency, is also one of the known compositional differences
between the two extracts. However, owing to the potential immunostimulatory activity of acemannan mentioned above and the
anti-inﬂammatory activity of Aloe vera linked to other components such as aloin, aloesin and a newly identiﬁed 14 kDa protein
isolated from aloe vera leaf gel (Das et al., 2011; Park et al., 2011), it
would be presumptuous to consider the Aloe polysaccharide
content, speciﬁcally acemannan, solely responsible for Aloe vera's
anti-inﬂammatory effect. Thus, future studies carrying out a detailed chemical fractionation of AVH200s, in comparison with
other Aloe vera extracts may be helpful in providing an insight
into the component(s) and/or composition of Aloe vera responsible for its anti-inﬂammatory activity.
Nevertheless, the results from our study demonstrate that
AVH200s has immunosuppressive effects in vitro on blood cells
from healthy human individuals. The administration route of Aloe
vera compounds are traditionally topical, although oral administration has attracted much interest lately. Both topical and oral
administration of Aloe vera compounds will most likely come in
contact with immune cells, since cells of the immune system are
dispersed throughout the epidermal and mucosal linings. Immune
cells are highly mobile, and local administration of a compound
will eventually be recognized systemically, including T cells, by the
immune system. However, an extrapolation of these results into a
clinical setting is difﬁcult and therefore clinical studies are much
warranted. Also, the exact mode of action for the activity on T cells
and the bioactive substance(s) responsible for this effect is still
unclear and requires further exploration.
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5. Conclusion
The present study focuses on determining effects of AVH200s
extract on human blood T cells in vitro. The results from our study
demonstrate that AVH200s has suppressive effects on activation,
proliferation, and cytokine secretion of human blood T cells in
vitro.
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