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Abstract: In light of the growing popularity of Aloe vera in
complementary medicine, the present study was carried out to examine the
anti-inflammatory activity of the inner leaf gel component of Aloe
barbadensis Miller. A simple in vitro assay was used to determine the effect
of the inner gel on bacterial-induced TNF-« and IL-1/ concentrations. The
organism used for evaluation was Shigella flexneri, as this is a significant
world —wide causative agent of gastrointestinal disease. In addition,
bacterial lipopolysaccharide was examined. The results showed that these
pro-inflammatory cytokines were suppressed to significant (p<0.05) levels
using 45mg/ml freeze-dried inner gel. A commercial product, containing
10% (v/v) of the inner gel component had a similar effect. The action of
Aloe vera differed from a non-steroid anti-inflammatory drug (ibuprofen),
which caused a significant increase (p<0.05) in TNF-« and IL-143
production. We therefore propose a significant basis for the therapeutic use
of Aloe vera in inflammatory conditions.
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INTRODUCTION

The aim of this work was to establish the potential anti-inflammatory
effectiveness of the inner gel component.
Pro-inflammatory cytokines such as tumor necrosis factor alpha (TNF-a),
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the interleukins (IL-1p, IL-6, IL-8, IL12) and interferon gamma (INF-y) are
systemically elevated during bacteria invasion'. In Particular, TNF-o and
IL-1B have been shown to play an important role in the inflammatory
process in shigellosis caused by Shigella flexneri and septic shock.”™
Shigella flexneri is a non motile rod belonging to the enterobacteriaceae
family and the species is regarded as an important cause of gastrointestinal
illness, which is manifest by watery diarrhea that progresses to mucoid
bloody diarrhea and shigellosis. A histological feature of Shigella infection
is an increased infiltration of inflammatory cells into the colonic mucosa,
particularly of cells producing pro-inflammatory cytokinase.’” Infection is
usually restricted to the top layer of colonic mucosa, where it causes
ulceration, leading to severe tissue damage.® We describe recently the
significant inhibition of growth of Shigella flexneri using an extract from
plant Aloe vera.” In addition to its anti-microbial properties, Aloe vera is
believed to have anti-inflammatory activity'®'? and the aim of this study
was to investigate these properties relative to systematic cytokine
production.
Aloe vera has been used therapeutically for many centuries and Aloe
barbadensis Miller or Aloe vera L Burma flexneri. is of particular interest
due to its lengthy historic reputation as a curative agent and its widespread
use in complementary therapies.”” It is a cause —like plant belonging to the
family Liliacea family and out of 360 species, only three have so far been
attributed to having medicinal properties. Once the outer green cuticle is
removed, a preserved but otherwise untreated inner gel is commonly used as
a therapeutic agent or as a food supplement.
This has made it difficult to correlate therapeutic benefits to individual
active components, even though over 75 active ingredients have been
identified from the inner gel, including vitamins, enzymes, mineral, lignin,
saponins, sugars, sterols, amino acids, salicylic acid and anthraquinones."
Some anti-inflammatory properties have been attributed to salicylates,
magnesium lactate acting as an anti-histamine, bradykinin and thromoxane
and inhibitors and sterols.'"'* In addition, the polysaccharide acemannan (a
beta linked acetyl mannan) is believed to have immunomodulatory
properties, which stimulate or dampen the immune system in response to
stimulus.'>'®

RESULTS

Effect of Aloe vera on TNF-« levels induced from blood cells

Live bacteria (Shigella flexneri, 1x 10° organisms/ml) and LPS from
Shigella (2ug/ml final concentration and induced TNF-a concentrations of
99.7 £ 17.6ng/ml (figure 1a) and 52.3 £+ 4.5ng /ml (figure 1b), respectively.
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Untreated control samples showed levels around 2.0 + 07ng/ml. Freeze-
dried Aloe vera (examined at 4.5mg/ml and 45mg/ml final concentrations),
significantly (p<0.05) reduced bacterial induced TNF-a to this base-line
level, whereas only 45mg/ml significantly (p<0.05) reduced LPS- induced
TNF-a to 30.1 £ 6.2ng/ml. Aloe vera Gel significantly (p<0.05) reduced
both LPS and bacterial-stimulated cytokine production to base line levels, at
10% (v/v) final concentrations. Although 5% (v/v) Aloe vera Gel reduced
the cytokine production significantly (p<0.05), it was not to base-line
concentrations (25.0 £ 5.2ng/ml and 20.5 £ 0/7ng/ml, in the presence of
bacterial and LPS, respectively). In contrast, ibuprofen (50uM) significantly
(p<0.05) increased the production of TNF-a by 2.4 fold in the presence of
LPS and 1.8 fold with live bacteria.

Effect of Aloe vera on IL-1/ concentration induced from blood cells

IL-1B concentrations of 26.07 £ 1.4ng/ml (figure 2a) and 19.5 £ 2.23ng/ml
(figure 2b) were induced by live bacteria (1x 10° organisms/ml) and LPS
(2png/ml final concentration), respectively, compared with untreated controls
(2.4 £ 0.3ng/ml). AV at 45mg/ml final concentration significantly (p<0.05)
increased the levels by 1.3 and 1.6 fold with LPS and live bacteria,
respectively and only 10% (v/v) Aloe vera Gel reduced the cytokine to base-
line production.

DISCUSSION

The key cytokines, which mediate this tissue damage include TNF-a and
IL-1B. These pro-inflammatory cytokines further activate leukocytes leading
to the release of IL-8, which recruits circulatory neutrophils to the site of
inflammation'’. While neutrophils are essential for the innate immune
response to bacterial infection, they promote the destruction of the mucosal
epithelium via indiscriminate release of respiratory burst component such as
H,0,and 0.1 Thus, their activation and recruitment to site of inflammation
and bacterial colonization must be tightly regulated. Infection with gram-
negative bacterial can often results in the overproduction of these pro-
inflammatory cytokines, which can eventually lead to septic shock and
death.! Therefore, in this study, we chose to examine the production of these
two cytokines by leukocytes stimulated with bacterial and LPS.

Aloe vera has been described previously as having anti-inflammatory
properties. However, controversies have arisen due to the use of variable
sources of material and different processing methods of the leaf. In view of
the complexities of examining the pharmacology of this plant, simple assays
which can be easily replicated are critical to test multiple fractions. This
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study has shown clearly that both pro-inflammatory cytokines raised
through bacterial stimulation can be suppressed with at least 45mg/ml
unfiltered and undiluted inner gel. A ten-fold dilution was only effective
against TNF-a.. A similar trend was observed with the Aloe vera Gel,
whereby both concentrations (5% v/v and 10% v/v) tested effectively
suppressed TNF-a, but only the higher one showed significant activity
against IL-1[3.

Overall, the pro-inflammatory response to bacterial stimulation was greater
than to the bacterial cell wall component (LPS) and the trends observed
were different. Both concentrations of AV were effective against IL-1f3 and
LPS, but only the high concentration suppressed TNF-o in the presence of
LPS. Similarly, only the high concentration of AV significantly suppressed
IL-1P in the presence of live bacteria, but both concentrations were affective
against TNF-a It is conceivable that the multiple components within the
bacteria, such as LPS, outer membrane proteins, flagelin and peptidoglycan,
activate the cells via a number of different mechanisms, leading to
variations in pro-inflammatory response. In addition, the greater response to
the whole organism is particularly pertinent to LPS derived from Shigella
compared with other organisms.” The importance of LPS in Shigella flexneri
infections, is that it is a dominate inducer of PMN transmigration, which
helps to further destabilize the epithelium.* In addition, LPS activates the
nuclear factor kappa B (NFy B) pathway, an important transcriptional
regulator of genes involved in inflammation.'”"* %

While NSAIDS such as aspirin and ibuprofen function as local anti-
inflammatory agent and provide pain relief, they actually increase the hosts
levels of pro-inflammatory cytokines. This is because they function as
cyclooxygenase inhibitors and one of their main effects is to inhibit
prostaglandin E, (PGE,) synthesis. Ordinarily, PGE, acts as a negative-
feedback mechanism to down-regulate TNF-a and IL-1f production,
therefore in its absence, pro-inflammatory cytokine levels rise.”' This is
demonstrated with the use of ibuprofen, where the level of TNF-a
increased, while treatment of the blood with Aloe vera led to a significant
reduction in both cytokine levels. Consequently, active ingredients within
the inner gel must act via a different mechanism from NSAIDS.

In addition, it is possible that Aloe vera exerts its effects through inhibition
of pro-inflammatory cytokine gene transcription. For example, the TNF-a
promoter possesses NFyB, mitogen activated protein kinase (MAP Kinase)
and c-Jun N-terminal kinase (JNK) binding sites™ *. If components from
the inner gel can down-regulate any of these pathways, then it would reduce
the production of these cytokines. In support of this, recent work has
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indicated the isolated compounds from a variety of plants have been able to
down-regulate the activation of NFyB, INK and MAP kinase** **. Although
there has been anecdotal evidence for the anti-inflammatory activity of Aloe
vera, there has been sparse examination of the mechanism of action,
particularly with respect to the inner gel. The next stage of experimentation
will be to identity the components within the inner gel with anti-
inflammatory therapeutic potential and ascertain, through examination of
various signal transduction pathway, how they achieve their effects.

MATERIAL AND METHODS

Materials:

Packed blood cells were obtained from the Scottish Blood Transfusion
Service, UK and consisted of partial donation. Shigella flexneri
(NCTC9950) was purchased from the Public Health laboratory Services
(Proton Down, Salisbury, UK), maintained and harvested for
experimentation as described previously’. Freeze-dried Aloe vera inner gel
was obtained from the USA, consisting of inner gel, from plants that were
approximately 2 years of age at the time of harvest. The lyophilized powder
was reconstituted in phosphate-buffered saline (pH=7.5) at 37°C for 30 min.
and then sterile filtered through a 0.22um pore size filter unit (Scheicher and
Schuell, Dassel, Germany). A commercial preparation of AV (containing
undiluted and unfiltered inner gel from USA) was used for comparison
purposes (Forever Living Products, AZ, USA). This was filtered through a
sterile Whatman no.54 filter and it was not possible to determine the amount
of active material lost by this process. Ibuprofen, LPS and RPMI-1640
medium were purchased from Sigma-Aldrich Ltd, UK and filter sterilized
through a 0.22 um pore size filter unit. Cytokine ELISA kits (Diaclone
Research) were kindly donated by IDS Ltd, UK. Plastic ware was obtained
from Greiner Bio-one Ltd, UK, 96 well tissue culture plates from TRP,
Finland and Immuno-Nunc strips from Nunc Ltd, UK. All reagents were
obtained from BDH Ltd, UK.

In vitro blood assay to assess anti-inflammatory response:

Packed blood cells (900ul) were incubated with a range of bacterial
numbers (100ul) to establish the optimum number of S. flexneri needed to
give detectable levels of TNF-a and IL-1f in sterile Eppendorf tubes (n=3)
for 21h at 37°C, 100% humidity and 5% CO,. Alternatively, LPS at 2ug/ml
was incubated instead of the live organism. The samples were vortexes and
centrifuged at 5000g for 4 min. and the plasma decanted into fresh tubes and
stored at -20°C until assayed by ELISA, following the manufacturer’s
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instructions. For the TNF-o and IL-1B assays, 1x 10° and 1x 10’
respectively S. flexneri were consistently found to give detectable results,
expressed as the mean of triplicate readings = SD.

A preliminary ELISA was carried out with various plasma dilutions (using
diluted buffer) for each new donation of blood. In general, for the TNF-a
and IL-1f assays, a 1: 100 and 1: 200 dilution respectively were found to
given values, which fell within the standard curve.

Assessment of Aloe vera on cytokine production

The assay was set up as above in sterile Eppendorf tubes with 100ul AV
(4.5 or 45mg/ml) and Aloe vera Gel (5% v/v or 10% v/v) at 37°C, 5% CO,
and 100% humidity. At the end of the incubation period, the blood was
vortexed and a drop smeared onto sterile glass slides. The morphology of
the cells was examined by light microscopy in order to verify that the
concentrations of Aloe vera did not cause osmotic stress, while the
supernatant was assayed by ELISA for cytokine determination.

Statistical analysis:
A non-parametric Mann-Whitney U-test was carried out, performed on Stat
view, v.5.1 software.
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Figure legends
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Figure 1la: Production of TNF-o from peripheral blood leukocytes

stimulated with 1x10° S. flexneri /ml for 21h at 37°C, 5% CO, and 100%

humidity. Test agents consisted of 5S0uM ibuprofen, freeze-dried inner gel
from Aloe vera (AV, 4.5 and 45mg/ml) and Aloe vera Gel (Gel, 5% v/v and

10% v/v). The plasma was assessed by ELISA and the concentration of
cytokine calculated from the Agso. The results are expressed as the mean of

triplicate readings + S.D, n=3, *p<0.05 = significant increase in TNF-a
compared with medium only control, **p<0.05 = significant increase in
TNF-o. compared with the bacteria only control, *** p<0.05 = significant

decrease in TNF-a compared with the bacteria only control.
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Figure 1b TNF-a (ng/ml)

Figure 1b: Production of TNF-o from peripheral blood leukocytes,
stimulated with LPS (2ug/ml) for 21h at 37°C, 5% CO, and 100% humidity.
Test agents consisted of 50uM ibuprofen, freeze-dried inner gel from Aloe
vera (AV, 4.5 and 45mg/ml) and Aloe vera Gel (Gel, 5% v/v and 10% v/v).
The plasma was assessed by ELISA and the concentration of cytokine
calculated from the Ayso. The results are expressed as the mean of triplicate
readings £ S.D, n=3, *p<0.05 = significant increase in TNF-o compared
with medium only control, **p<0.05 = significant increase in TNF-a
compared with the LPS only control, *** p<0.05 = significant decrease in
TNF-a compared with the LPS only control.
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Figure 2a: Production of IL-1f from peripheral blood leukocytes stimulated
with 1x10° S. flexneri /ml for 21h at 37°C, 5% CO; and 100% humidity.
Test agents consisted of 50uM ibuprofen, freeze-dried inner gel from Aloe
vera (AV, 4.5 and 45mg/ml) and Aloe vera Gel (Gel, 5% v/v and 10% v/v).
The plasma was assessed by ELISA and the concentration of cytokine
calculated from the Ayso. The results are expressed as the mean of triplicate
readings + S.D, n=3, *p<0.05 = significant increase in IL-13 compared with
medium only control, **p<0.05 = significant increase in IL-1 compared
with the bacteria only control, *** p<0.05 = significant decrease in IL-1
compared with the bacteria only control.
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Figure 2a: Production of IL-1p from peripheral blood leukocytes stimulated

with LPS (2pg/ml) for 21h at 37°C, 5% CO, and 100% humidity. Test

agents consisted of 50uM ibuprofen, freeze-dried inner gel from Aloe vera

(AV, 4.5 and 45mg/ml) and Aloe vera Gel (Gel, 5% v/v and 10% v/v). The

plasma was assessed by ELISA and the concentration of cytokine calculated

from the Ayso. The results are expressed as the mean of triplicate readings +

S.D, n=3, *p<0.05 = significant increase in IL-13 compared with medium

only control, **p<0.05 = significant increase in IL-1 compared with the

LPS only control, *** p<0.05 = significant decrease in IL-13 compared with

the LPS only control.
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