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Abstract — Healing powers have been imputed as being a feature of the gel from the aioe vera plant for
centuries. The recent isolation of the active ingredient, acemannan, has made testing of this drug important.
Since the drug appears 10 enhance monocyte function in other experiments. these studies were designed (o
lest the capacity of acemannan to enhance immune response to alloantigen and to test whether the potential
enhancement is a monocvie drniven phenomenon. Acemannan did not enhance lymphocyie response 10
svngeneic antigens 1n the mined l.\'mp'hoc,\'lc culture (MLC) but importantly increased alloantigenic response
in a dose—response fashion (2.6 x 10 "—=2.6 x 10 “\). This effect of acemannan wa: snown 1o be a
specific response and to concur with concentrations of i vitro acemannan achievable in vivo. A separate
series of mixing experiments demonstrated that acemannan incubation with monocyies permitied monocvie
driven signals 10 enhance T-cell response to lectin. It is concluded that acemannan, the active ingredient of
the aloe vera plant, is an important )/mmunoenhancer in that it increases lymphocvie response to alloanugen.
It is suggested that the mechanism involves enhancement of monocyte release of IL-1 under the acgis of
alloantigen. This mechanism mayv explain in part the recently observed capacity of acemannan to abrogate
viral infections in animal and man.

For centuries magical healing powers have been function as an immune activating substance related

imputed as a characteristic of the gel from the aloe
vera plant. Previously, the capacity of materials
from the aloe vera plant to be salutory in clinical
practice has been supported most strongly by data
relating to the treatment of burns in man and
animals. A common feature of the treated lesions is
enhanced formation of granulation tissue related to
the use of the plant extracts. This observation led to
the successful employ of aloe vera extract material in
the treatment of wounds (Grindlay & Reynolds,
1986; Cera, Heggers & Robson, 1980; Cera, Heggers
& Hagstrom, 1982: Raine, London & Goluch, 1980).
The salutory effect of the active moiety of the Aloe
barbadensis Miller plant. acemannan (Carrisyn™),
recently isolated, purified and characterized, in
thermal wound healing is felt 1o be a consequence of
activation of mesenchymal cells of the macrophage
monocyte lincage which contribute to an
enhancement of granulation tissue and to enhanced
phagocytic © properties of inflammatory cells
{McDaniel, Carpenter, McAnalley & St John, 1987).

In further support of the working hypothesis
concerning the mechanism by which acemannan may

to the function of cells with phagocytic properties,
has been the direct demonstration that acemannan
increases the number of spleen cell monocytes in
tissue culture and enhances the function of
peritoneal macrophages as phagocytic cells against
sheep red blood cells (McDaniel er al., 1987).
Moreover, compounds similar 10 acemannan have
been postulated to stimulate the release of
interferons from lymphocytes, raising the possibility
that materials like acemannan may be helpful in
treating viral infections. Indeed. the capacity to limit
viral infections of acemannan itself has been
suggested by recent studies in vitro directed against
herpes, measles and AIDS virus and in vivo against
the herpes virus as separate models at high
concentration (McDaniel, McAnalley & White, 1987;
Carpenter, McAnalley & McDaniel, 1987; McDaniel,
Perkins & McAnalley, 1987).

The present study was designed to directly assess
the impact of acemannan as an immune enhancer in
a model of monocyte - T-lvmphocyte cell - cell
interaction response to alloantigen presented in the
mixed lymphocyte culture. This model tests the
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capacity of acemannan (o sumulate additional
mo_nocyteomacrophage functions in an immuno-
logically reievant model.

EXPERIMENTAL PROCEDURES

Cell preparation

Mononuclear leukocvtes were obtained from the
peripheral blood of normal, informed and
consenung human volunteers under the acgpis of a
study approved by the Instututional Review Board of
the University of Texas Health Science Center a1
Dallas. Penpheral blood was diluted 1:3 in Hanks’
balanced salt soluuon (HBSS) and layered on top of
a Ficoll = Hypaque gradient as previously described
by our laboratory (Helderman & Strom. 1977). Cells
from subjects known 1o be disparate for major
histocompatability antigens were obtained on cach
study dav (o ensure a posiuve mixed lympnocyte
reaction. For specific expenments, more carefully
charactenzed pedigrees of cells which inhabit the
mononuciear leukocvte pool were isolated. For the
isolation of T-lvmphocwvtes. the standard nyion wool
separauon technique was used as previously
descnbed (Helderman. Avuso, Rosenstock &
Raskin, 1977). The nvion effluent celis contained
abour 90% pure T-ceils. B-lvmphocytes and mono-
cvie macrophages preferentially adhere 10 the
column. The adherent population was removed by
forcibly pushing media through the column with a
plunger. To ennch for monocvies (macrophages).
the glass adherence procedure was utilized as
descnbed previously (Helderman er ai.. 1977), giving
2 population greater than 95% pure.

Acemannan (Carrisyn™)

Acemannan (Camsvn™), a kind gift from
Carnngton Laboratones, Irving, TX. was tested in
these studies by prepanng a 0.5% (w- v) solution in
RPMI-1640 media. further diluting (o the
following working concentrations: 2.6 x 10°'M,
2.6 x 10°*™M and 2.6 x 10°°"M. These woriking
concentrauons were used in all of the expenments.

Mixea ivmpnocvie cultures (MLC)

Unidirectional MLC were set up in flat-bottom,
microtiter Ussue culture plates (Costar Co..
Camoriage. MA). Mononuciear cells isolated by the
Ficoli - Hvpaque aensity graaient technique discussed
aoove served as sumuiator cells. alfter exposure (o
2000 raa ror 30 min in a cesium source (Gammacell.
atomic Energy of Canaga. Ontario. Canada).

Responder cells, similarly isolated. and sumulators
were adjusted 1o 1.4 x 10° cells/ml. To each well the
following was added: 25 ul of acemannan or meaia
(control), 25 ul of RPMI-1640 supplemented with
10% fetal bovine serum and 75 ul of each cell
populauon. Cells were incubated at 37°C in 5% CO.:
95%s air for 6 days. Cultures were puised with 25 ul
of 'H-thymidine (1 wci/well) for 4 h, aiter which the
cells were harvested and counted. To test the
specifiary of acemannan on the afferent recognition
and response 10 MHC, additional unidirectional
MLC were set up with the ageat added just 20 min
before the cells were puised with 'H-thymidine.

Monocyvie ~ T-cell interaction

Lewis female rat spleens were teased over steei
mesh into RPMI-1640 media. Mononuclear
leukocytes were collected from the interface of a
Ficoll - Hypaque density gradient as previously
described above. Monocytes obtained by ennchment
on glass pem dishes and adjusted to a final
concentration of 10°/ml. were incubated with
varying doses of acemannan or media (control) in a
total volume of 2 ml and incubated for 24 h at 37°C.
The monocvies were harvesied, extensively washed
with fresh media and co-cultured with syngeneic
T-lymphocvtes at a rado of 10 T-cells: | monocvie
with the piant lecun phviohemaggiutimin (Difco.
Detroit. M) (1:100) for 48 h at 37°C. Cells were
harvested over a MASH Il (Whittaker. M.A.
Bioproducts, Walkersville. MD) placed in fluor. and
counted 1n a scnullation counter (Beckman
Laboratones. Chicago. IL). A control expenment
was established by incubatng T-lvmphocvies with
acemannan, followed by wash and co-culture with
freshly prepared T-lymphocyvtes. again at 10:1, along
with PHA-P.

Specificiry

To 1est the specifiary of the chemical agent
acemannan, dextran sulfate (mol. wi 60.000). a
chetucaily similar compound was tested. Monocwvtes.
prepared as previously described, were incubated
with dextran sulfate (Sigma. St Louis. MO) at final
concentrations of 2.6 x 10°'M. 2.6 x 10°*M and
2.6 x 10°™ from a 0.5% (w/v) stock in RPMI
1640 or media (conrrol) in a total voiume of 2 ml for
24 h at 17°C. The monocvies were harvested.
extensively washed with fresh media and co-cultured
with svngeneic T-ceils at a rauo of 10:1 T<ells:Me
with PHA (1:100) for 48 h at 37°C. Cells were puised
with 'H-thvmidine. harvesied over a MASH 1l and
counted i1n a sainullauon counter.



Short Communication 969

To test specificity of the responding population
used here, monocyies, B-cells and T-cells were
isolated from Lewis ral spleens via nvion wool and
glass adherence as previousiy described. T-
lvmphocytes were incubated with acemannan for
24 h at 37°C. The T-cells were washed and co-
cultured ar a 10:1 ratio with fresh, syngeneic T-cells
with PHA for 48 h. Cells were harvested and
counted. B-cells were similariv incubated with
acemannan for 24 h and then co-cultured at a 10:1
ratio (7:B) with fresh T-cells with PHA for 48 h.

To test the specificity of the immune response
measured, monocytes were isolated and incubated
with acemannan for 24 h at the three doses. Cells
were washed and co-cultured with fresh, syngeneic
T-cells (10:1 ratio), T-cells:Meo with either PHA or
lipopolysaccaride (Sigma) for 48 h. Cells were
pulsed. harvested and counted in a scintillation

counter.

Test of potential intrinsic mitogenicitv oJ acemannan

Human peripheral blood mononuclear cells were
isolated over Ficoll - Hypaque. Cells were incubated
with acemannan ar all three test doses at 37°C,
harvested at 24, 48 and 72 h and pulsed for 4 h with
tritiated thyvmidine.

Statistics

All data are described with means = | S.E.M.
Statistical analysis was performed by using the
Student’s r-test. Background counts were subtracted
out before statistical tests were done.

Purification

The efficiency of nylon wool in separating
monocytes from B-lvmphocvies and T-lymphocytes
has been previously described (Helderman er ai.,
1987) using cvtofluorographic analysis of cell surface
analysis. The populations of the T-enriched and
monocyte fractions were both greater than 95%

pure.

RESULTS

Alloantigenic response

Acemannan had no statistically significant effect
on svngeneic response of mononuclear cells. When
the agent was added ar the beginning of mixed-
lvmphocyte cultures, cells receiving syngeneic
stimulation incorporated *H-thvmidine equally in the
presence or absence of test reagent at the doses
described. In the absence of acemannan these mixed
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Fig. |. Effect or acemannan on alioresponse in the mixed

lvmphocyte response (MLC). Comparison of various doses

of acemannan and the amount of DNA svnthesis. esumated

bv incorporation of 'H-Tdr. Drug was added at the

beginning of the MLC. The mean = S.E.M. of eight
experiments is shown.
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Fig. 2. Effect of acemannan on alloresponse in the MLC.

Cultures represented by (A) for syngeneic. (B) for allo-

geneic, and (X) for irradiated populations. Results are

plotted as the counts/min. The mean = S.E.M. of eight
experiments is shown.

lymphocyte cultures incorporated 2616 = 1099
counts/min of 'H-thymidine at the end of a 4 h
pulse. Although there was a trend upward with
respect to the dose of agent added (3281 = 1355 at
2.6 x 10°°M, 3742 = 1670 at 2.6 x 10°°"™M and
3828 = 1978 at 2.6 x 10°'M), none of these rates of
isotopic incorporation into DNA were statistically
significantly different.

In contrast to the absence of effect of acemannan
on the syngeneic response in the MLC was the effect
of the agent on alloresponse in the same
immunologic assay. Firstly, acemannan did not
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Fig. 3. Effect of acemannan on nonspecific MLC response.

Yanous doses of drug were added to MLC 20 min before

addiuon of ‘H-thymudine. The mean = S.E.M. of four
expenments is shown.
2¢C ~
—_ ! p<0.02
- r
H 0 < QOO
L, 1 U7
N L NS % //
e '
: 7
. |
3 |
3 o.sr /
X | neg / ar?
o) - 4 LLLLL
2.6 1i0"? 2.6 21070 2.6 410"
Fig. 4. Effect of acemannan on monocyte~ T<cell
cooperauon. Companson of vanous doses of drug

preincubated with monocyte on the rauo ol enhancement

of lecun responses of T-cells after monocyte - T-cell co-

culture. expressed as counts:min in expenmental wells
divided by counts/min in the control weils.

interfere with the capacuy of lymphocytes to
recognize and respond to class 2 alloanugenic
differences in the mixed lvmphocyte culture (Fig. 1);
apparent when the syngeneic cultures are compared
to the allogeneic response in the presence of the
lowest concentration of drug. Secondly, there is a
dose-related enhancement of alloresponse by
acemannan such that the highest dose tested.
2.6 x 10 "M, reflects an almost 60% increase over
the culture witnout an addiuion of drug. The effect of
acemannan on allogeneic sumuli are most clearly

seen 1n Fig. |.in which the results are plotted as the
stimulation index counts. min (the ratio of the
alloresponse to the svngeneic response). The
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Fig. 5. Effect of dextran sulfaie on monocyte - T<ell

cooperation. Comparison of vanous doses of dextran

sulfate preincubated with monocytes on T-cell lecun

responses after monocyte - T<cell co-culture expressed as

the ratio of enhancement (counts/ min in expenmental well
divided by counts/mun in control wells).
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Fig. 6. Effect of acemannan on monocyte - T-cell co-
operauon in the presence of lipopolysaccande (LPS). Com-
panson of vanous doses of acemannan preincubauon of
monocytes on T-cell response (o LPS expressed as the rauo
of on the rauo of enhancement (COunts/ min in expenmental
wells divided by counts/min in the control weils).

dose - response relationship is most convincingly
demonstrated. as the enhanced allogeneic response is
shown to be significant for each dose of acemannan
tested with respect to the no drug condition.

To ascertain whether acemannan exerted a specific
effect on lymphocyte alloresponse or a nonspecific
effect on 'H-thvmidine incorporation, the reagent
was added at the conclusion of a 7 day mixed
lvmphocvte culture, 20 min before the addition of
the tracer to the culture. As can be seen in Fig. 3,
there was no effect of acemannan when added in tnis
manner as a pulse at the conclusion of the mixed
lymphocvte culture. These data support the
specificity of the acemannan effect on enhancement
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Fig. 7. Panel A: effect of acemannan on T-cell/B-cell
cooperation. Comparison of various doses of acemannan
preincubatnon of B-cells on T-cell response 1o PHA
expressed as the rano of enhancement (counts/min in
expenimental wells divided by counts-min in the control
wells). The mean = S.E.M. of six experiments is shown.
Panel B: effect of acemannan on T-cell/T-cell cooperation.
Comparison of various doses of acemannan preincubation
of T-cells on T-cell response to PHA expressed as the ratio
of enhancement (counts/min in experimental wells divided
by counts:min in control wells). Mean = S.EM. of six
experiments is shown.

of lymphoid response in the mixed lymphocvte
culture.

Acemannan and monocyte — T-cell cooperation

In order to test the hypothesis that acemannan
directly stimulates the monocvie responding 1o
alloantigen to provide signal(s) 1o enhance lymphoid
response 10 antigen and/or mitogen, purified
populations of monocytes were incubated with
varying doses of drug for 24 h. At the conclusion of
the incubation the cells were washed exiensively and
then co-cultured with T-lymphocytes at a ratio of
10:1, to simulate the natural ratio found in
peripheral blood. Co-cultured cells were stimulated
with phytohemagglutinin. As can be seen in Fig. 4,
the co-cultures with monocvies that have been
previously incubated with acemannan had a
significantly increased mitogenic response observed
in a dose-related fashion.
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Fig. 8. Acemannan as a potential mitogen. Periphera!
blood mononuclear cells were pulsed with '"H-Tdr on davs
1. 2and 3. Results are plotied in counts, min. The doses of
acemannan are represented by: 7 PHA, positive control; C
acemannan; A =26 x 100°M; B = 2.6 x 10" *M:
C = 2.6 x 107°M; control = media. The mean = S.E.M.
of tour experiments 1s shown.

Specificity

To test specificity of agent. dextran sulfate, a
compound chemically similar 10 acemannan. was
examined. In these experiments. monocvies were
incubated with dextran, washed and co-cultured with
tresh, syngeneic T-cells which had not been exposed
1o the dextran. T-cell response 1o the mitogen
PHA-P was unchanged by the dextran sulfate. thus
the dextran sulfate did not have a similar enhancing
effect on monocvte — T-cell lectin response as did the
acemannan (Fig. 5).

To test specificity of acemannan 10 be a
nonspecific reagent with respect 1o the T-cell stimuli
examined, monocyvies were incubated with
acemannan followed by co culture with T-cells and
stimulated with the B-cell mitogen, LPS. As seen in
Fig. 6, there was minimal T-cell response to LPS
basally but no enhancement of this response by
acemannan.

To test specificity of the T-cell-monocyte
interaction for the acemannan effect, deletion and
enrichment experiments were performed in which
acemannan was incubated first with T- or B-
lvmphocytes and co-cultured with freshly isolated,
syngeneic T-cells (10:1 ratio) plus PHA.
Preincubation with T- or B-cells did not effect a
significant increase in T-cell lectin response (Fig. 7).
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One can conclude that the acemannan effect is
specific for the monocyte and T-ceil interacrion.
Oniy when monocytes were incubated with syngeneic
T-cells was there a2 dose-reiated mutogenic response.

Mitogenicity of carrisyn

Human penpheral blood mononuciear cells were
incubated with acemannan or PHA (posiuve
control). The ceils were puised and harvested atr 24,
48 and T2 h. Al none of the doses tested was a
significant murtogemc response observed. The PHA
cultures showed a3 charactenstic. mitogenic T-ceil
response at 72 h (Fig. 8).

DISCUSSION

These studies have explored the capacuy of
acetviated poivmannan. which has recenty been
isolated and puniled from the aloe vera plant
(Aloe baroegensis Millery, w0 funcuon as an
immunosumulaung drug with important cimcal
consequence. The possibie anti-infecuous and
healing roies of a productts) of the aloe vera piant
has been knowmn since ancient times. More recently,
an actempt to formally approach the manner in
which aloe vera may be 2 useful agent in human
disease has been undertaken. especially in the face of
the recent isolation of the active ingredient.

There 1s now mounung evidence that acemannan
mav be an agent capabie of delimiting infections to
DNA and retro-viruses that cause sigruficant disease
in animais ang in man, For example. 1n the amumal
model. accmannan has reduced feline viral
rhunotracheins (Carpenter er al.. 1987). There is
additional evidence that acemannan /i vitro and in
vivo may be effective against herpes simpiex 2 virus,
the measies virus and pernaps the HIV (McDantel er
al.. 1987. The immunologic mechamsm b which
the drug may funcunon is as yet unknown. There s
some indicauon that the mechamism mav invoive
ennancement of the monocyte both as a phagocytic
cell and as a cell that contrnibutes to afferent
recognition of anugen. Studies have shown direct
ennancement of phagocytic properues of the
monocyte on the one hand and an increase 1 the
aopsolute numoers of that important cell on the other
(McDanel er a/., 1987. There 1s mounting evidence
10 suppon the concept thal acemannan ennances the
eiaporation of the signat substance interieuxin-i by
the acuvateds monocyie (McAnalley, unpupiishea
ooservauon).

The stucies descnbed in this manuscnpt were
directea specifically at expionng the mecnanism by
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which acemannan may be an immunoennanang
reagent. The mixed lymphocyte culture is an i vizro
model of the manper in which immunocompetent
cells parucipate in response Lo antigens of the vanety
that is necessary for recogninon and response (0
viruses. In this reactos there are imporuant
monocyte ~ T-lympbocyte interactions in order 10
generate a response (o alloanngen. It was this model
that was chosen 1o test the capadty of the drug to
function as an imMmMuNOACIvVAIOr.

Our studies ciearly demonstrate that acemannan is
an impornant enhancer of the alloantugenic response
in the muxed lymphocyte culture in a dose — response
fashion. with enhancement at the highest dose tested
here about 60% above basal. This represents not
only a stansucaily sigmricant but also a biologcally
reievant increase ut respoase (o alloantugen ang may
serve as one¢ means by which the drug can aid the
response of the orgamism 10 viral assauit. This effect
of acemannan was shown to be speafic for the
allogeneic sumulus provided the drug did not
enhance either basal response (0 self (syngenewc
muxed lymphocvie cultures) or non-specific
incorporauon of a tracer DNA precursor. ‘H-
thymudine, when drug was added ar the conciusion of
the mixed lymphocyte culture.

In a second senes of expenments we (estea the
hypothesis that monocyte - T-lymphocyte :nter-
acuons may be al least in pant responsible for the
heightened alioresponse in the muxed lvmpnocvte
culiure. ln this senes of expenments the acemannan
was incubated alone with monocytes. after whicn the
treated. extensively washed manocvies were 1nter-
mixed with freshly prepared. syngeneic T-lvmpho-
cvtes which had not seen and would not see the arug.
In these expeniments we demonstrated enhancement
of T-lvmphocyte responses (o the polycional mitogen
phyvtohemagiutunin, a second T-cell immune response,
al 3 magmurude equal to the response thar we had
seen previously in the mixed lympnocyte cuiture,
approximately $5% above baseline with a2 dose -
response rejauonship.

Cunously, the lowest dose that was rested tn our
studies which was effecuve 1n the mixed lympnocvte
culture had no effect in the monocyte expermreni.
We have no direct explananon for the difference. It
is not surpnsing that the threshold dose mav be
different for the two modeis tested. polvcional
response to mitogen and alioanugenic response in the
mixed lymphocyte culture. One can aiso observe that
the monocyte experument 1S a more stnngent test of
the effect of acemannan since it presents a (reateg
cell type. the monocyie. to T-cells which then see
immune sumufus in the absence of drug. While



Short Communication 973

alloantigenic response may be due solely or in great
measure 10 acemannan-enhanced monocyte activity
the less polyclonal mitogen-enhanced response may
be a consequence of an assay of immune stimulations
each with a different threshold response to
acemannan. To sustain this interpretation of the
observed data will require further study.

An array of controls were performed to test the
specificity of the acemannan effect on immuno-
enhancement. Firstly, we examined the specificity of
the specific polvmer used, acemannan. by choosing
to study a chemically similar molecule, dextran
sulfate, which has begun to get some press as a
potential immunoenhancing agent against AIDS.
Utilizing the same protocol with respect to
monocyte - T-cell interaction for T-cell lectin
response. we could not demonstrate an
immunoenhancing effect of dextran sulfate. This
allowed us to conclude. with respect to at least one
chemically similar molecule. that the acemannan
effect was specific Tor that molecule. Secondly, we
tested the specificity of the acemannan effect on at
least one non-T-cell response to determine whether
the effect was specific for the monocyte - T-cell
interacuon or totally non-specific. For these
experiments we utilized the B-cell lectin lipo-
polysaccaride. We could not demonstrate that pre-
incubation of monocytes with acemannan led to an
enhanced response of T-cells to LPS, allowing us
1o conclude that the acemannan immunoenhancing
effect was specific for T-cell responses. Indeed, we
studied two distinct T-cell responses in this work,
alloresponse in the mixed lymphocyte culture and
lectin response to phyviohemagluttinin, both of which
were enhanced in a dose — response fashion by the
test reagent. Lastly, we tested the specificity of the
monocyvte — T-cell interaction itself by incubating
first B-cells or T-cells with the acemannan, followed
by T-cell co-culture. These experiments reveal that
only when acemannan was incubated with mono-
cvies and then co-cultured with syngeneic T-cells and

pulsed with the lectin phytohemagluttinin did we
observe an enhanced lectin response. One can
conclude from these experiments that the acemannan
effect is specific for monocvie - T-cell interaction
and specific for T-cell responses themselves. Lastly,
it is possible that acemannan functions merely as a
nonspecific T-cell mitogen to explain the enhance-
ment of alloresponse in the mixed lvmphocyte
culture and 1o explain in part the monocyte ~ T-cell
interaction experiments. We tested directly the
potential mitogenicity of acemannan and found it
lacking in this regard. One can conclude once again
that the T-cell response is specific for acemannan.

An important question that must be raised is
whether the dose of acemannan used in these
experiments is clinically relevant. Indeed. the dose
range selected was chosen precisely 1o bracket that
concentration of acemannan that could be expected
to be achieved in plasma if the drug distributes 1n
extracellular water and is absorbed at the rate of a
third of the orally administered dose, figures that
were based on previous pharmacologic studies in
dogs. The actual concentrations achievable in man _
also have been shown to be in this range further
supporting the potential relevance for clinical
practice of these studies.

Additionally, we performed an experiment (o
determine whether acemannan is itself a mitogen. As
illustrated from the time course and the figures.
acemannan was not found to be a mitogen, especially
when compared to PHA.

In summary, acemannan, the active substance
derived from the aloe vera plant which from time
immemorial has been felt to be clinically beneficial.
has been shown 10 be an immuno-enhancing agent in
vitro with respect to allogeneic responsiveness in the
mixed lvmphocyie culture, perhaps by virtue of its
enhancement of monocyte function in its capacity to
compete with the T-lvmphocyte for anugenic
recognition. This drug holds important promuse as a
clinically useful anti-viral agent.
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