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Ab stract
Aloe vera L. (A. bar bad en sis Mill.) be longs to the Aloa ceae fam ily and ac tu ally is a com mer -

cial and me dici nal im por tant plant be cause of the sec on dary me tabo lites pro duced. Aloe sin,
aloin and aloe- emodin (oxi da tive prod uct of aloin) are the most im por tant sec on dary me tabo -
lites not only due to the me dici nal and cos metic prop er ties but also due to their physio logi cal
role. In this sense, it has been quan ti fied the pro duc tion of those three me tabo lites us ing dif fer -
ent in vi tro ex plants com par ing with fresh leaves of en tire Aloe vera plants. It has ob served that
aloe sin pro duc tion was higher in ba sal calli grown on me dium MS1 with 1 mg.l-1 2,4-D and 5
mg.l-1 BA, while aloin con tent was higher in leaves of en tire plants. Aloe- emodin pro duc tion was
greater than the aloin both in ba sal and fresh leaves calli com pared to en tire leaves. Proba bly,
this high aloe- emodin pro duc tion found was due to the aloin oxi da tion. These re sults showed
that calli cul tures rep re sent a prom is ing source for A. vera sec on dary me tabo lites pro duc tion.
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Pro duc ción de alo esina, aloína y aloe- emodina en cal los
de Aloe vera L.

Re sumen
Aloe vera L. (Aloe bar bad en sis Mill.) perte nece a la fa milia Aloa ceae. La im por tan cia de este

género radica en los me tabo li tos se cundarios pro du ci dos por es tas plan tas y en sus apli ca cio -
nes en la in dus tria cosmé tica y me dici nal. En este tra bajo se ha cuan ti fi cado la pro duc ción de
tres de es tos me tabo li tos, alo esina, aloína y aloe- emodina (el pro ducto oxi da tivo de la aloína),
que poseen im por tan tes prop ie dades me dici na les y cosmé ti cas. Esta pro duc ción se de ter minó
com parando la can ti dad de es tos me tabo li tos en con trada en dif eren tes ex plan tes con la can ti -
dad hal lada en ho jas fres cas de plan tas sil ves tres. Se ob servó que la pro duc ción de alo esina fue
mayor en cal los ba sales cul ti va dos en me dio MS1 con 1 mg.l-1 de 2,4-D más 5 mg.l-1 de BA, mien -
tras que el con ten ido de aloína fue más alto en ho jas de plan tas sil ves tres. Se en con tró que la
pro duc ción de aloe- emodina fue mayor en cal los que en ho jas de plan tas sil ves tres. A me dida
que au mentaba la pro duc ción de aloe- emodina, dis mi nuía la de aloína en los dif eren tes teji dos,
lo que ex plica que prob able mente la aloína se oxida para for mar aloe- emodina. Es tos re sul ta dos 
mues tran que los cul ti vos de cal los son una fuente im por tante para la pro duc ción de me tabo li -
tos se cundarios en Aloe vera.

Palabras claves: aloe- emodina, alo esina, Aloe vera, aloína, cul tivo in vi tro, cal los.
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In tro duc tion

In vi tro cul ture is an use ful tool for com -
mer cial pro duc tion of sec on dary me tabo -
lites. In fact, in vi tro plant cell and or gan cul -
tures have been used as one of the most im -
por tant strate gies to op ti mize pro duc tion of
in ter est ing com pounds (1, 2). Aloe vera L. (A.
bar bad en sis Mill.) be longs to Aloa ceae fam ily
and ac tu ally is a com mer cial and me dici nal
im por tant plant be cause of the sec on dary
me tabo lites pro duced (phe nolic com pounds)
such as aloe sin, aloin and aloe- emodin (oxi -
da tive prod uct of aloin) not only due to the
me dici nal and cos metic prop er ties but also
due to their physio logi cal role. Aloin is the
ma jor an thraqui nonic com po nent of Aloe
vera (3). It is a mix ture of two dia ste re oi so -
mers, aloin A and aloin B (4) with nu mer ous
func tions. It has der ma to logi cal ap pli ca -
tions, it is a po tent com pound with an ti ma -
lar ial (5), an tifun gal (6), an ti bacterial and an -
tivi ral prop er ties (7). Aloin is an an thraqui -
none that has been used be cause of its ca -
thar tic and pur ga tive ef fect and is in volved in
plant de fence mecha nism against her bi vores
(8-10). Aloe sin is the sec ond com po nent of A.
vera and its de riva tives have an ti oxi dant and
an ti in flam ma tory prop er ties (11). Aloe-
 emodin is the oxi da tive prod uct of aloin, and
the last in ves ti ga tions have dem on strated
that this com pound pos se ses anti can cer (12, 
13), anti- leukaemic (14), an tivi ral (15), an ti -
pro to zoal (16) and an ti fun gal prop er ties (17).

Con sid er ing that Aloe spe cies have
been mainly stud ied in or der to ob tain rapid
clonal mul ti pli ca tion for com mer cial and
me dici nal aims, and there are few in ves ti ga -
tions about sec on dary me tabo lites pro duc -
tion in vi tro, this work re ports the pro duc -
tion of aloe sin, aloin and aloe- emodin in
Aloe vera calli.

Mate ri als and meth ods

Plant ma te rial

Aloe vera plants were col lected in Ma ra -
caibo (Zu lia state, Vene zuela) and main -

tained un der natu ral con di tions in the gar -
dens of Bi ol ogy De part ment of Ex peri men tal
Fac ulty of Sci ence of the Uni ver sity of Zu lia.
Dif fer ent ex plants, fresh leaves and api cal
buds, were ob tained from these plants to in -
duce calli for ma tion and also those plants
were used for com pari son with calli.

In vi tro cul tures

Ba sal calli

Many plants, like A. vera, form calli in
the base of shoots ob tained by in vi tro cul -
ture (18). Ac cord ing to this, in or der to ob -
tain ba sal calli, api cal buds were iso lated
from A. vera en tire plants de scribed above
and shoots ob tained were cul tured us ing
Mu rashige & Skoog me dium (MS) (19) with
su crose 3%, agar 1% and ascor bic acid 0.1
mg.l-1 sup ple mented with 2,4-D 1 mg.l-1 and
BA 5 mg.l-1 (MS1 me dium) and 2,4-D 0.5
mg.l-1 and ki ne tin 0.1 mg.l-1 (MS2 me dium)
com bi na tions. Flasks con tain ing 25 ml of
cul ture me dium were placed at 26 ± 1 ºC in a
cul ture room at con tinu ous light il lu mi nated 
with Phil lips tubes (F30T12/D/RS). Light
in ten sity was 40 µmol.m-2.s-1. All the cul -
tures were trans ferred to fresh me dium at
4- week in ter vals.

Af ter 30 days, A. vera calli were iso lated
from the base of in vi tro shoots and cul tured
with the same hor mone sup ple men ta tion
that they grown (MS1 and MS2 me dia), and
sub cul tured every four weeks, un der the
same en vi ron mental con di tions as de scribed 
for shoots. Af ter the 4th sub cul ture, calli
were col lected for sec on dary me tabo lites
pro duc tion analy sis.

Calli from leaves of en tire plants

Fresh leaves (10 cm length) from A. vera
en tire plants were washed, ster il ized with
so dium hy po chlo ride 10% dur ing 20 min
and cut in 15- 20 mm2 pieces un der asep tic
con di tions. Those ex plants were placed in
flasks with 25 ml of MS cul ture me dium with 
su crose 3%, agar 1% and ascor bic acid 0.1
mg.l-1 sup ple mented with 1 mg.l-1 2,4-D and
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5 mg.l-1 BA (MS3) and 1 mg.l-1 IAA (in dola -
cetic acid) with 5 mg.l-1 BA (MS4). They were
used 4 ex plants for each flask for treat ment
and 10 flasks for every treat ment were
placed un der same con di tions for ba sal
calli.

Calli were sub cul ti vated to fresh me -
dium every 4 weeks. Af ter the 4th sub cul -
ture, calli were col lected for sec on dary me -
tabo lites pro duc tion analy sis.

Ex tract and HPLC analy sis

Etha nolic ex tracts from leaves of en tire
plant and in vi tro ma te rial were ob tained
and quan ti fied by HPLC fol low ing the
method of Park et al. (20). Leaves of en tire
plants and calli tis sue were re moved, fro zen
at -20 ºC for 24 h and placed on a ly ophi lizer
(Lab conco Lyo- Lock 4.5) dur ing 48h. Each
sam ple was taken in trip li cate.

For each sam ple, 0.5g of freeze- dried
were ex tracted with 10 ml etha nol (HPLC
grade, Merck), fil tered (0.45 µm) and chro -
ma tog ra phed in HPLC sys tem (AG ILENT
1100 Se ries) us ing a C18 reversed- phase col -
umn (Phe nome nex, 4.6 mm i.d. x 250 mm
length, 5 µm). The mo bile phase (flow 0.7
ml.min-1) was com posed of metha nol (HPLC
grade, Merck) and wa ter.

Phe nolic com pounds (aloe sin, aloin
and aloe- emodin) were de ter mined by com -
pari son with spec tra pre vi ously re ported by
Naka mura and Okuyama (21), Rau wald and 
Sigler, (22), Zonta et al. (23), Oka mura et al.
(24), Yagi (25), Vil joen and Van Wyk (26).
Iden ti fi ca tion was made with di ode ar ray de -
tec tor at UV- visible 293 nm com par ing with
stan dards. The stan dard com pounds were
aloe sin (re ten tion time, r.t. = 10- 11 min), do -
nated by Dr. J.H. Park from Seoul Na tional
Uni ver sity, aloin (r.t. = 41- 42 min) and aloe-
 emodin (r.t. = 62- 63 min), both from Merck.

Quan ti ta tive re sults were cal cu lated
trans form ing area peaks us ing ini tial con -
cen tra tion of stan dard com pounds (1 mg-
 ml-1, 20 µL inyected). Re sults are ex pressed

in µg per gram of dry weight (DW) of plant
ma te rial.

Sta tis ti cal analy sis

All data were ana lysed sta tis ti cally with 
the SPSS soft ware. Sig nifi cance of re sults
was de ter mined us ing the vari ance test
(ANOVA) and mean dif fer ences were ana -
lyzed with Dun can test (p£0.05).

Results and dis cus sion

Pre vi ous re ports have dem on strated
that aloin is the ma jor con stitu ent of leaves
of A. vera en tire plants (18, 20). On the other
hand, it has been ob served that the sec on -
dary me tabo lites pro duc tion can vary de -
pend ing of tis sue type, plant de vel op men tal
stage and also with weather changes (9, 10).

In this work, sec on dary me tabo lites
con tent (aloe sin, aloin and aloe- emodin) was 
de ter mined in leaves of A. vera en tire plants,
calli formed in the base of in vi tro shoots
(MS1 and MS2) and calli ob tained from fresh
leaves of en tire plants (MS3 and MS4)
(Fig. 1).

First of all, it has been iden ti fied and
quan ti fied sec on dary me tabo lites from
leaves of A. vera en tire plants, used for com -
pari sons with calli. The HPLC analy ses re -
vealed that, as de scribed above, aloin was
the ma jor com po nent of leaves fol lowed by
aloe sin and aloe- emodin (Fig. 2).

Dif fer ent stud ies have shown that
growth regu la tors can in hibit or stimu late
pro duc tion of a sec on dary com pound. For
ex am ple, NAA/BA com bi na tion was the
most ef fec tive in pro mot ing tet ra hy dro an -
thra ce nes pro duc tion in A. vera (11).

In this study, sec on dary me tabo lites
pro duc tion in in vi tro ma te rial was vari able
ac cord ing to the tis sue type and hor mo nal
com bi na tions (Fig. 3). The best me dium for
aloe sin pro duc tion (498.2 µg.g-1 D.W.) was
MS1 with 1 mg.l-1 2,4-D and 5 mg.l-1 BA.
Pro duc tion was 3 times higher than in leaves 
of en tire plants. As it can see, high BA lev els
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in creased aloe sin pro duc tion; simi lar re -
sults have been ob served in Hypericum per -
fo ra tum calli cul tures where 4.0-5.0 mg.l-1

in duced pseu do hy pericin pro duc tion (27).
Aloe- emodin pro duc tion in calli grown in
MS1 was too low to be de tected, in stead,
aloe- emodin pro duc tion in calli grown in
MS2 (2,4-D/ki ne tin) was 2.4 times higher
than in leaves of en tire plants. Aloin pro duc -
tion was low with both me dia com pared to
fresh leaves. These re sults show that bet ter
re sponses in ba sal calli are ob tained with
BA in stead of ki netine. Other in ves ti ga tions
also have de scribed an in crease in sec on -
dary me tabo lite pro duc tion us ing BA in cul -
tures (28).

Re gard ing to the calli ob tained from
fresh leaves of en tire plants, it was found
that sec on dary me tabo lite con tent was low
in these calli, with the ex cep tion of the aloe-
 emodin (Fig. 3). Fig ures 2C and 2D show
that the number of com pounds pres ent in
chro ma tograms from these calli is lower
com pared to ba sal calli and en tire plant
leaves. These dif fer ences in phe nolic com po -
si tion be tween in vivo plants and in vi tro cul -

tures have been re ported us ing HPLC
method in Hypericum per fo ra tum and H. an -
dro sae mum, proba bly due to the lack of dif -
fer en tia tion in calli cul tures which is a limi -
tant for sec on dary meta bolic path ways (27).
In fact, sec on dary me tabo lism is only one
phase of plant dif fer en tia tion; so, mor pho -
logi cally un dif fer en ti ated cul tures of many
spe cies fail to pro duce sec on dary com -
pounds (29).

It is nec es sary to high light that aloe-
 emodin pro duc tion was higher in calli ob -
tained from fresh leaves (Fig. 3), ob servating
that the quan ti ties in me dia MS3 (14.37
µg.g-1 D.W.) and MS4 (3.87 µg.g-1 D.W.) were
7.2 and 1.9 times higher than those ob -
served in leaves of en tire plants (2.04 µg.g-1

D.W.). This could be re lated to ini tial ex plant
type; it is pos si ble that pro duc tion of calli ob -
tained from an other in vi tro ma te rial is lower 
than those from leaves of en tire plants. How -
ever, pre vi ous work (18) showed that aloe-
 emodin pro duc tion was in creas ing when
aloin pro duc tion was de creas ing, proba bly
be cause of in vi tro aloin oxi da tion to give its
sub product aloe- emodin. This could be use -
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A B 

C D 

Figure 1. Micropropagated shoots and calli from Aloe vera. A. Calli formed in the base of shoot grown

on MS1 medium. B. Basal calli after been isolated. C. Calli obtained from leaves of entire

plants with MS3. D. Calli obtained from leaves of entire plants with MS4. Bar represents 1 cm.
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Figure 2. HPLC chro ma tograms of Aloe vera etha nolic ex tracts. A. Chro ma togram of leaves of en tire

plants. B. Chro ma togram of ba sal calli cul tured in me dium MS1. C. Chro ma togram of calli ob -

tained from leaves of en tire plants, grown on me dium MS3. D. Chro ma togram of calli ob -

tained from leaves of en tire plants, grown on me dium MS4. Analy ses were car ried out with a

reversed- phase C18 col umn (Phe nome nex), 293 nm. Re ten tion time (Rt) of aloe sin = 11-12 min,

aloin Rt = 41- 42 min, aloe- emodin Rt = 61- 62 min. 1. Aloe sin. 2. Aloin. 3. Aloe- emodin.
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ful for fu ture stud ies ori ented to op ti mi sa -
tion of phy to hor mone sup ple men ta tion and
cul ture con di tions in or der to in crease aloe-
 emodin pro duc tion, a com pound with many
phar ma col ogi cal prop er ties but in small
quan ti ties in leaves of Aloe vera en tire
plants.
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Figure 3. Pro duc tion of aloe sin, aloin and aloe- emodin in leaves of Aloe vera en tire plants, ba sal calli

(Calli MS1) grown on me dium MS1, ba sal calli (Calli MS2) grown on me dium MS2, calli ob -

tained from leaves of en tire plants with MS3 me dium (Calli MS3) and with MS4 me dium (Calli 

MS4). Each value rep re sents the mean of three in de pend ent de ter mi na tions + S.D. Means are

sig nifi cantly dif fer ent ac cord ing to Dun can test (p£0.05). nd: not de tected.
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