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Aloe vcr.i. a common mgrcd1cn1 m .:osmcucs, 1s mcreasmgl)' being ,onsumcd as a bc\'Cragc 'upplemcn1. Ahhough con<umcr 
mlcrc>l 111 aloe ltkcly <•ems from 11s a<social1on w11h several hca.hh bcMfm, •concern has aho been r•"cd by a Nal10nal Toxicology 
Program Report tlMl a nnndccolcmtcd wlwlc leaf aloe vera cx1rac11akcn Internally by ral< was a'>SO.:tatcd w11h in1cs1111al mu.osal 
hyperplasia and uhlm>1cly mnllgnancy We lc:.tcd a Jccolonzcd whok• lcaf (l)CWl.) ;tloc vcr.i, lrc.ucJ 1vilh activated charcoal to 
remove the latex portion of lhc plant, for gcnolox1cuy 1n bacteria, ~•utc/;uba.:ute toxiot)' in Bt>C 31'1 mice, and subchro1Hl 1uxi.11y 
in ~344 rat,. We found 1lu< newt .tine wr.l JU•w to~ nongcnoto:m in h1~lld1nc rcvcrnnn and DNA rrpair a<"3ys. Fnllm"ng acute 
admtni<trallon, n11cc exhibited no advcr<e <ign< at 3- or 14-da)' cvaluJllon periods. When fcJ tn male and icmalc F344 rat~ owr 13 
weelu.. DCWl alM I~ tn no 1nx1cuy a< •''-'c">-.ed b) hcha,~or. ''"""·weight gam, ftcd con<11mp11nn.1>rs.1n "•ighb,and hema1olog1. 
or d1n1col t.hcmt<try prnlilcs lhc>< rdl' hJJ cn1<.,.1mal muco•al morpholog1c,-cxantlncd gru-.ly and m1Lros.;op1.:ally-1ha1 were 
s1nular lo 1.ontroh. Our stud1e.< <how 1h.ll oral adm1ni;1ra11on of1h1, DC Wl aloe 1uicc ha< a d1ffcrc111 lox"ology pmfilc than 1ha1 
of the unlrcalccl aloe .JUlt.: at o:pc.>-Ur<> UJl IU I' weeks 

1. Introduction 

Aloe vera 1s a common ingredient in cosmcl!cs. skin ..:are 
products, and increasing!)'. beverages and tood products (l) 
Recent consumer m1eres1 in aloe beverages may stem from 
1he association of aloe iuke with a variety of both anec 
dotal and experimental rcsearch-supporteJ health benefits 
including the prevention or lrcatmcnl of various tumors 
[2, ~).arthritis [•I], diabctc> [5], enhanced immumty [6), and 
decreased chokstcrol lc"cls [7j. 

Aloe juice is approximate!) 99°0 waler [81 and the remain
der consists of mmerals, vitamins. polysa.:chandes, lipids, 

phenolk .;ompounds, and orga111c awls. According to the 
lntcrnallonal Aloe Scientific Council, the aloe leaf can he 
proccs<cd into rwo types of JUiCc'> for ~ommerdal use: inner 
!eat gel JUtce and decolonzed whole leaf iwce (9). lnner l~af 
gel 1u1ce is produced from only th<> gelatinous fillet of the 
leaf Dccolorized whole leaf iuict• b produced by grinding the 
leaf followed by tre3tmcnl of extracted juice with act1va1cd 
c:harcoal 10 remove aloe "latex" (10] Ch3rcoal treatment is 
ncce~sary ~ince the latex, whkh exists as a separate liquid 
between the outer nnd and inner fillet gel, contains bitter 
phenoli~ molecules including anthraquinone C and 0 
glycos1des, anthrone~. and ~ome free anthraquinoncs (II). 

http:con<11mp11nn.1>rs.1n
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The maior C-glrcoside. alo1n A, is the ma1or anthraqumone 
10 3loe l3tex and when oxidi1t>d, yield< aloe emodin. a 
lree anthraquinone Ill). Anthraqumonf.'s are associated with 
diarrhea i11 vivo 112. 13). weight lo>s, gall bladder les1oos, 
renal tubule pigmentation, and rcn,11 tubule hraline droplets 
[M]. 111 vitro, anthraquinones cause mutations in mouse 
lymphoma (15] and salmonella assars 116) Aloe beverages, 
which follow IASC standards contain lcs. than 10 ppm aloin 
A and tts isomer. aloin B [9]. 

Toxicology ofvarious aloe produ..:t< ha< been examined 111 

vivo, and these studies collectively suggest that the potential 
for toxicity depends on the plant semons used m 1u1ce 
productton Oral consumpllon ofan C!lhanol extract ofwhole 
leaf aloe owr 3 month> by mice resulted 10 reproduwve 
toxicity and increased mortality 117). However, subchromc 
admm1strat1on of aloe taken from the mner leaf gel resulted 
in no evidence of oral toxicity to rats (18). In 2010, the 
National Toxicology Program [10 J released a technical report 
on aloe vera that concluded that "there was clear evidence of 
carcmogcmc activity of a nondccolonzcd whole leaf extract 
of Aloe vcra in male and female F344/N rats based upon 
increased incidences of adenomas and carcinomas of the 
large 111test1ne." The results of th1~ report have been referred 
tu on various health-related websites suggcstmg caution in 
consumpuon of aloe products ·19-22) and have generated 
substantial interest and concern b)' aloe producers, bt'cause 
the \tudy results were based on a nondccolon.tcd whole leaf 
extract that 1s not commercially available (23) The ::-=TP study 
was designed to delin:r nondecolonzcd whole leaf, freeze
dncd JUICC powder to test ammal~ through their drinking 
water at levels up to 3.0% (\11/wt), and the ~tudy examined 
potential toxkologic effects ofaloe 111 both B6C3FI mice and 
f'344 rats over time periods of 14 days, 13 weeks, and 2 years 
[lOf. 

While an increased inci<Jence of tumorigenesis was 
observed 111 the large mtesttnc ol rats 111 the 2 year study. 
no lesions were observed in mice or rats in acute studies; 
ho"e\'er. there was decreased "ater consumption m both 
rodmt species at the highest aloe levels During a subchronic 
p<'nod (13 weeks), mice adrrumstered aloe ''ere similar to 
controls m most paramder> "~th the c:xccptton of mcreased 
incidences of mucosa) hyperplasia with goblet ~ell hyper
plasia in the cecum and large mtestme. This mucosa) and 
goblet cell hyperplasia was also observed 111 rats at 13 weeks. 
These rats displayed increased mortaliues and weight losses 
at the high aloe concentrauons. Rat> exposed for ttvo years 
.ilso were found to have mucosa! hyperplasia in th~ colon. 
particularly in the cecum and ascending portions. Large 
inte~tine mucosal/goblct cell hypcrpla;1a~ were also observed 
111 mke exposed for two rears, however. these 1mce did not 
~howmcrcascd neoplasms and had \11nilar \Uni•·al and body 
weights as control groups. 

1 he nondecolorized '~hole leaf po"dcr u~ed b)· the :\IP 
contamcd the b111er latex of the aloe plant and theretorc. 
the addition of thi. aloe directly to drmlong water could 
haw contributed to the studr's outcomes. Palatability can 
tnlluence wa1er consumplion and conceivably could have also 
contributed to the weight loss and mortality in the two-year 
study. Commercial aloe beverages that contam litt le or no 
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latex anthraqumones mar have yielded different outcomes 
111 the sub,hrom< or chrome exposure test~. 1l1c ~TP abo 
assessed the acute effects of aloe gel only and decolomed 
(aellvated charcoal treated) whol<! leaf aloe, and in these~tud 
1cs, mice and rat body weights, water and feed consumptions, 
organ weights, hematology, cl1111cal chemistry, and urine 
chemistry were generally similar to control;. However, only 
the nondccoloriLcd extract was w.ed in the 13-wcck and 2
year studies 

Although thc reported incidence of large mte~tmal 
tumor> ha> garnered the most attention from the :-=TP report, 
the mc1dences ot mtestinal mucosa( hyperplasia were the 
most consistent observations across species expo>ed both 
subchron1c.ill) .ind chronically ·1hi> muco;al hyperplasia 
suggcMs a tox1colog1cal response to one or more whole 
leaf aloe <omponcnts. In the rat, hyperplasia of both the 
muco~a and goblet cells may indicate cellular damage and 
could be prognostic oflater tumor development since control 
rats showed liulc or no hyperplasia at 13 weeks or ade· 
nom,1/carcinomas of the large intestine al 2 years. 

To date, no evaluation of the de-colorited whole leaf Aloe 
vera JU1Cc ha> been reported. In the present stud)', we report 
the first tox1colog1.:al evaluation of a commercially available, 
de.:olomed, whole leat (OC\\'L) Aloe vera hevcrage, Lil)' of 
the Desert Filtered Whole Leaf Aloe vera Jwce. This particu
lar product .:an be considered as being well characterized with 
regard to high" moleculaM•'t'tght polysacchande content (24 f 
and 1mmunomodulatmg acth·ity 125. 26)" Testtng mcluJcd 
assessment ofpotential genotoxictt)' 111 v1tri>dnd .i<utc tox1c1l) 
111 vivo usmg a B6C3FI mouse model. Further test mg included 
a l~·wcek study utilizmg F344 rats 111 which the DC:Wl 
Juke was administered through the rat's chow in order 
to impart a mmimal effect on palatability. Examinations 
included large intesttn.il histology to understand 1f aloe 
bewrages <leriwd from DCWL aloe vera JUiee produced 
tox1colog1c signs hsociatc<l with nondecoloritcd whole leaf 
JUKC. 

2. Materials and Methods 

2. I Prornremwt ofDC\\fl Aloe \'era Juice. Aloe vcra leaves 
were harvc,tcd and mamtamed under cold storage (R C) until 
processing. Time lapse from harvest to process111g wa~ less 
than six hours. The harvested leaves were washed. disin
fected, and macerated to yield an mtcrmcdialc raw material 
rcprcscnlattve of 3 non<lecolorizeJ whole le;tf cxtrac\ as was 
used 111 the arorcmcn11oncd XTP study. The nondecolorized 
extract was then filtered using carboo/diatomaceou~ earth to 
yield a DCWL extract. To this extract, a proprietary isolate 
ofhigh-molecular weight aloe vera polysa((har1dc, Alocsorb. 
"·as added at a rate of30 mg solid/fluid oun,e. The resulting 
extract''as flash pa>teurited to )'leld the commercial product 
(Lily of the Desert Filtered Whole Leaf Aloe vera juice: with 
Aloesorb). This produ•t was vacuum dned 10 yield a 7 fold 
concentrate. 

NMR analy~i~ of the resulting extract established (I) 
the pre\ence of Aloe vera (b)' confirming the presence of 
aloe vcra polysacchande, malic acid, and glucose), (2) the 
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presence of whole leaf markers (1socuratc and 1~ocitrate
lactonc), and (3) the absence ofadultcrnnt~/\tah1h7ers in the 
<!xtm:t. HPLC analysis confirmed the prcscnct'ot low levels of 
anthraquinones (Aloin A al 0.868 ppm, Alom Bat 1.335 ppm, 
and Aloe-emodm at 0.200 ppm). 111c~e rc)ult~ qualify the 
extract a~ a d"colorizcd whole leaf aloe vcra extract. 

The juice was main tained under constant refrigeration 
unlll use. Pt ior 10 testing. the aloe iuice was lyophillzcd and 
determined to be I0.65 :: 0.11 % nona4ueous. It was also 
found to be acidic (pH =3.9). Prior to anal)'s1s in genotoxi 
W) assays, the aloe juice was filtered using pos111vc pressure 
to render 11 sterile and the pH adjusted to i.5 to accommodate 
S11/mtme//11 bacterial assays that .m: pH-M!n~111ve. In order 
to max1m1ze the level of aloe admini)kred lo IC)I mice. the 
7x iu1cc wa.s further concentrated br lroph1hza11on 10 a final 
concentration of 35x in a Lahconco lyoph1hze1 over a 6-hour 
period This (Oncentrated JUice wa~ administered in gavage 
studies. A single lot (/1021412 4) was used throughout the 
studies. 

2 2 Ge1101oxici1y Assays. Potential mutagcmioty and/or DNA 
damage were assessed 111 vitro with two bacterial assays. 
An assar for mu1agenes1s was used. which is based on the 
Ames te;,t utilizing Salmond/111ypl111mm11111>tram1AIOO but 
moJ1ficd for liquid cuJturt> and a 96 '"'II plate: scale:. The 
second assay detected potential D:\A damage utilizmg an 
E. co/1 strain comaming a transgene tor beta-galac1os1dase 
downstream of the SOS-DNA repair promoter $)'Stem. Both 
assays were purchased in a commercial format from EBPI 
B10-Dctcc11on Products (M1ss1ssaugJ. 0:'11, Canada), referred 
to the u~ Muta Chromo Plate and SOS·C.:hromo Test Assays. 
respectively. 

To test for potential metabolic generation of mutagens. 
DCWI aloe vera juice was also tested 1n the presence of 
S9 liver extract. For testing with Se1/111011c//e1. the JUJCC was 
combmed w11h a reaction mix containing growth substances 
and a pH indictor. The 1u1ce was admmis1ered at 2b:, 1-lx, 
and 7x concentrations. As a positive control !or d1rec1 act.mg 
mutagenesis (i.e., independent of metabolic com·ersion). 
either sodium az1de (0.38 µM final concentration) or 2 
n11rotluorene (7.1 !4M final concentration) wa~ mcludcd in 
one plate. 2-Aminoamhracene (2.60 µM final concentration} 
was used as a pos111ve control for mutagenesis requiring 
metabolism. Plates containing no aloe JU1cc were used 10 

measure spontaneous mutations over the incubation periods, 
und these blanks were compared to di! aloe· containing plates. 
'The number of positive mutated wells was scored on days 
3. •I. and 5 of growth. These number; were then compared 
•tau•ucally to blanks. 

For the D:-\A damage assay m E. co/1, the DC\\'l 
Juice was tested at levels of 21x. 14x. 7x, 3.Sx, I 7Sx, 0.88x, 
0.44x, 0.22x, O.llx, and 0.055x. When d1lut~d. the iu1ce was 
suspcnded m sterile 10% dimethyl sulfoxidc (DMSO) in 

Merile 0.85% saline. A positive control for D:>:A damage 
independent of metabolism was mcluded (4 mtroquinoline 
oxide [4NQO]) and used at lc\·cls of 10.0 /•g/mL (52.6 f'M). 
5 0, 2.5, 1.25, 0.625, and 0.312511g/ml.. J\ po•it1vc control for 
mutagcnesis requiring metabolism was included m another 

plate (2 aminoanthracene) and used at 100.0 (2.611~1). 50.0, 
25 0, 12 5, 6.25. and 3.12511g/mL 0)\A damage wa< 4uanti
tated ~pectrophotomctrically by color development Data arc 
expressed as the mean and standard dev1at1on of the SOS 
inducuon. 

2.3. A11ime1h. All mice were purchased from Jackson Labo 
ratone•. [n(. and were ordered between 4 and 6 weeks of 
age. After a two-week period of quarantine. the mice were 
numbered for 1dent1fica11on by ear tag L'pon miliation of 
studies. mice were.- weighed. sorted m10 boxes of S mice each. 
and then randomly a.s;1gned to control or al<><: 1uice groups 
Mice were housed within the Lou1stana State l.:niwr;,1t) Dtv1
sion of Laboratory :vicdicme's AALAC-approved vivarium in 
Super Mou•e /\licro holation 750 boxes that arc racked 111 an 
E1w1ro Gard R m1crmsolat1on control cage rack (Lab Prod
ucts. Seaford. DE). Cage changes with fresh l111er and fresh 
water were provided weekly 10 the mice. Mouse boxes were 
stocked with clcan/aurnclaved Bio-Serv (Frenchtown, N J.) 
mou)e Igloo and fa;t-Trac spinning canchmcnt devices and 
t'\estlct> pads (Ancare, Bellmore, NY). All anim,11 proctdure~ 
followed the Nallonal Research Council's "GUIDE FOR THE 
CARE A:\D USE OF LABORATORY ANIMALS" and were 
first reviewed and approved by the LSU IACUC. 

F344 rat;, w.·rc: pur.:hased from Charles River Laborato
ric• and arrived at 7 weeks of age. After a two-week period 
of quarantmc. rats were 1dcnttficd by permanent marker on 
the tail. The rat~ were md1v1dually housed. Cage boxes were 
changed '"ith fresh litter and fresh water weekl)'. and boxes 
were stocked \\'lth dean/3u1oclaved Crawl Ralls enrichment 
devices (Bio-Scrv, Frenchtown, N.j.}. 

2A. '/o.ncrty 111 3- 1111d 14-Day Time Periods m Mrce. I)(.WL 
aloe .1uice was adm1111stcred by gavage with a 20 gauge curved 
s1ainles~ .ieel gavage needle (Popper & Sons, Ne" H)·de rark, 
:\Y) to male and female B6C3Fl mice twice O\·er a 24 hour 
period at l.OGo ofhodr weight. Seven rruce per test group ,,·ere 
gavaged either (Oncentrated JWCe or \\3ter then observed 
daily for abnormal behaviors including h~'Poactivtty, isolation 
from littcrmatcs, ata:ua. dyspnea, or prostration. In addition, 
mice \\ere monitored for a weight lo~s of 10°0 or greater, 
decreased teed comumpuon of 10% or greater, and death. 

Through the oral gavagc, female mice consumed an 
estimated amount ot aloe vcra juice equal to 32.1 times 
the amount .1 person would normally drink per 24-hour 
period. Male micr consumed an average of 2i.8 times this 
amount ·1 hcsc csumatcs were determined b) J))llming the 
recommended daily amount of aloe! juice a person drinks to 
be 8.0 oun.:cs (236.6 mL). To scale this quantity to a mouse. 
we used body surface area rauo [27] comparing mice groups 
with a 5 leet, 10 inches person weigh mg 70 kg. 

At the conclusion of the 3- and 14-da) periods, gross 
necrops1es were performed on all animals. and final body 
we1ghh plus weights of the kidney (nght), heart, lung. liv1:r. 
and testes (mules) wen~ recorded. Hematologic parameters 
were assessed on blood samples collec1ed in potassium 
EDTA container,, This analysis included RBC, Hb, HCT, 
RDW. M\.V. MCI I. MCllC, platelets, MPV, and total WRC~. 
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l.1ver sections were screened independently h)' 1wo patholo· 
gisis. Finding of pathologic anomalies would trigger furiher 
microscopic cvalua1ion of all organs collected from mice. 
Body weight, organ weights and all hematologic and clinical 
chcmistn· parameters were analyted within each sex hr 
Student's /·test, \\Ith >i~nific.mce a. P s 0.05 

2.5. Subcl1ro11ic foxidry i11 F344 Rats. Rat~ were d1v1ded into 
groups of 6 or 7. Con1rol groups received AIM-93G chow 
(Td<lab, Madison, WI) ad libitum while aloc-1rea1ed rats 
consumed chow forn1ula1ed wi1h concenlratcd aloe JUice 111 

place ofwater (Tcklab, Madison, Wl) for 13 week~ Each week. 
weights of ind1v1dual ral~ and feed consumed were recorded. 
Animals \,·ere assessed dail) for general beha\•1or, health, and 
appearance as well as appearance ofstools. 

At the conclu~1on of the 13 week study period, rats were 
ane>thetizcd wilh 1sollurane for blood colleclion and then 
humancly eutha111zcd. Al 11~cropsy, gem:ral body appearance 
and external orifice~ were examined prior to examination 
of internal organs. Abdonunal, pelvic, and 1horacic organs 
were obserwd 111 51/11, then 1he liver, kidneys, testes (in 
males). heart, and lungs \\'ere removed, weighed, rinsed 
w11h phosphate-buffered saline (PBS). and placed into 10~ 
neutral buffered formalin (NBF). The inte,linal tract wa~ 
examined from th1• slomach distally, and 1hen 1he tract 
from the cecum distally was labeled us1n)\ colored thread 
for cecum, ascending, transverse, and descending colon and 
reclum. The large inlcstines were then removed, placed in 
PBS, and secuoned according to anatomic region Intestinal 
contents were gently flushed with PBS, and using a blunl 
needle, 1he Cl'CUlll was opened along lhc greater curvature 
and flushed and examined for gross lesions. The cecal· 
colic junction was opened and grossly examined. Each large 
inte<;tinal region was preserved m 10% NBF. The small 
imestine was opened and grossly examined and preserved 
if lesions were obbcrved. Fixed tissue.s were embedded in 
paraffin and sectioned at 7 um onto glass slides and stained 
with hcmatoxyhn and eosin. Histological preparations and 
n11croscop1c evaluallons were made or the hver, cecum, 
and colon tissues (ascending, transverse, de>ccnding) and 
rectum. Each large intestine anatomic region was e\·aluated 
and scored using a semiquantitative scale m increments of0.1 
in which 0-0.9 indicated hypoplastic mucosa, 1.0-1.9 indi
caled mucosa! architecture and cellular popula1ions "~thin 
expected range>, 2.0- 2.9 indicated moderate hyp<'rplasia of 
1he mucosa! cpilhclia and incrca~ed lymphocytic infiltrate 
and/or goblet cell hyperplasia and sc:,rctaon. and 3.0-3.9 
indicated pronounced hyperplasia ofmucosa and goble1 cells. 
lymphoid aggreg.ue~ wilh enlarged germinal centers. and 
infiammatorr 1nfihrate. Mucosa ot rats ,,·as independently 
scored by three reviewers, and the average: scores for each 
large u11estmal region were computed for aloe treaimcnt an<l 
controls ofeach >l!X . 

Feed consumption and body we1gh1 changes during 
the 13-week period were compared using 1wo \vay repeated 
measures AN OVA wnh Bonlerron1 post tests. Organ weights 
were compared u~ing an unpaired 1-1es1 w11h significance 
set a P S 0.05. Hematologic tests includtd RBC. Hgb. 

llCT, RIJW, MCV, MCI!, ~ICI IC. platelets, MPV, plasma 
protein. PCV. WBCs, nemrnph1ls. l)•mphocytes. monocytes, 
and .:0~111ophils. Clinical chenmtry assays included glucose. 
AST. ALT. ALP, CK, T protein, albumin, globulin, cholesterol. 
BU1'. <reallmne, calcium. pho>phorus. sodium, po1ass1um, 
chloride, bicarbonate, and amon gap. Samples were compared 
wilh gender-matched conlrob u~ing an unpa1rt'd I lest (P S 
0.05). i.argc in1estinal mucosa! th1Ckncss scores "ere com· 
pared using Mann-Whitney U rank111g to obtain a P value sci 
as P s 0.05. 

2.6. Verifimtion ofAloe Juice Lc1c/ 111 Feed. To verify DCWL 
aloe 1uice Je,·els in the rnmpounJcd ft>ed, one JUicc con 
>titucnt, mahc acid, was deiermined in samples or 9 Jx 
concentrated juice prior to compounding and m samples of 
th<' final aloe-containing chow A Malate A<Say kit (B1ov1s1on, 
M1lp11as. California) was used to measure L(·) malate. The 
9.3x aloe juice contained a ml'nsurcd 362.0± 18.0 mM malatc: 
therefore, the chow was expec1e<l to contain a malatc of 
36.2 mM •the final mea>urcd malatc concentrauon exlracte<l 
from the finished cha\' was 37 8 t 1.29 mM, or 1044 ± 3.4°0 
of 1he cxpc.:ted. 

Male rats m this study con~umed an average of 14 3 g 
aloe cho,,·fda)' or 540.511mol malate/day. Female rats con 
sumcd an average or 9.13 g of aloe chow/day or 344.011mol 
1mlJtc/<lay These malate levels indicate that the male ral~ 
excn•tk<l a recommended 8.0 ounce human consumption by 
5.9-fold and the female rals cxccc1.lcll the human consump· 
tion of aloe JU ice by 5.1-fold based on body surface area. 

3. Results 

3.1 Ge111Jl1mcr1y. DCWL aloe ,·era JUICC extract when tested 
at up to a 21x concemra11on wa~ not significantly mutajlenic 
to te~l Salmo11e/la spp. bacteria in the absence or presence 
of S9 hvcr cxlract. The blank plaie without $9 showed a 
similar number of revertant wells in aloe plates of 2lx, 14x, 
or 7x (1ablc l(a)). Similarly, thl' blank plate with $9 di<l not 
~how .iny significant d1ffcrc1Kc> from revenant wells in aloe 
· S9 plates of '.!Ix, I-Ix. or 7x (T,\ble l(b)). The P value was 
>0.05 for all aloe juice conccntrauons, without and ,,·1th 
<i9. These sta11s11cs applied 10 both the TAIOO and TA9R 
strains This mutagenirny assay \\'as developed sufficiently 
to be interpreied between days 3 and 5. A bacteria free 
pla1c remained w1thouL grow1h 1mlic:1ting thal there was no 
external bacterial contamination m the assay and po>ilive 
controls for both sodium azid~ and 2 aminoanthraccne plus 
S9 extra" vcrHied as.~ay funchon (data not shown) 

<;OS 0:\A repair in E co/1 was not activated hy 
DCWL aloe vera juice extra,1 in concentrations ranging 
from 21-fold .:oncentrated to approximately 20-fold diluted 
(hgur< l(a )). The juic.: producl also <lid not ~how 'ig 
nificant concentration-related ONA <lamagelrepa1r in lhe 
presence of meLabolicaliy active liver cxtracl (Figure l(b)). 
"rhe)c da1a indicate that JUICC does not contain signifi 
cant level, ot active or latent gcnotox.ic compounds. SOS 
DNA repair was act1va1ed in the positi\•e control 4 ni 
troquinohne oxide (41'-:QO) rc~ulung in a concentration· 

http:gcnotox.ic
http:aggreg.ue
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TAKI~ I. (a) Hfo:t> orafoe IU1'e on S. 1ypl111111mu111 TAIOO mutagen<"'" (b) Hf<'d' uf Jluc JUI<< un .S. IH•l11m1irrum l"A98 mu1agcnc'1' 

(>) 

Sample 
No. ofpo>1llvc wdh 

@• 2 JJ)'\ 

No. of positive well< 
@ 3 day' 

Nn. nf positive wells 
Ii!· 4 dar 

Nn. nl pn~111vc well~ 
"'sJar 

llla11k without S9 0 3 3 s 
Blank+ S9 0 3 II Ill 
WI Aloc2lx 0 0 0 () 

WL Aloe 2lx + S9 0 l n n 
Wl Aloe 14x 0 0 0 () 

WI. Aloe 14x ~ S9 0 0 II 10 
WLAloe7x () 2 I 9 

\\'L Aluc 7x + S9 0 0 I fo 
WL Aloe 7x + 2x S9 u 2 3 s 

-. 1ndK~tt>~ .u 

(h) 

Sample 
No. ofpusillw well\ 

<ii 2Jar 
=-:o. of pos111vc wells 

(ii: 3 days 
>:n. of pnsi11vc 1•ells 

(e1 4 day~ 
No. of positive wells 

re sdar 
lllnnk without S9 0 0 I 2 
Blank~ S9 () 3 17 lU 
WI Aloc21x 0 0 0 l 

WL Aluc 2u +!>9 0 0 15 17 
WI Aloel4x 0 0 2 4 

WI Alne 14x • S9 0 0 M In 
WI Alnc7x 0 0 0 () 

\\'L Aloe -x  S9 0 0 3 II 
WL Aloe 7x + 2x S9 0 () 10 15 

rlC;liRI l HT.-.:1< of Dl WL aloe V<f3 JUI« un L>!'.A Jamag< r<pair. Ab>orbancc rdkca' mcJ\Uf<fficnt ,,rsos tran>i;•n• <J3·gd1Jllo'1Jd,<) 
1nJu,11on and subsequcnl 'ubstrJk ,unw,...1011 ~ymhol> represent mean< of 1nph<~lc well< an.ubatcd m lhc ab~nce or prc<cn<<' of S9 rat 
liver cxtra<L l:.rror bars rcprc>cnl standard dC\~JllOn< 

dependent increase m DNA repair gene acll\'1ty (Figure l(c)). the positive control chemical 2-aminoanthraccne (2-AA) an 
Bacteria also showed a concentral1on-dcpcnd~nl increase the presence of metabolic extract from rat liver (Figure.> 
In DNA damage repair gene ac11vlty when cxpos~d 10 l(d)). 
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l',"11 E 2: ~dcct<·d 11rgan wdghts of B6C31'1 mac• adm1nt>lcrcd aloe JUlw hy gJ\\lgc 

3 days post aloe Male cnnlrnl Alucm01lc Comwl fem.tic Aloe female 
lllortahhcs 0/6 0/(1 0/6 0/6 

Abnormal cllntcal signs 0/6 016 016 0/6 
Gm<.< ahnnrmalmc' 0/6 0/6 0/h Oft> 

Weight change % 1111t h."1 0.115 .. 1.03 0.868:: 215 4 12.,. 2.83 3.b7 :t 2.05 
Rdauve organ weight 

Liver relative weight I.Sb± 0.11U 4.35 ;t 0.113 5.01 + 0.17.l 4.97 :t 0.315 
Kidney (n ) 0.769±0071 0.750 :t 0.029 0.72-1 ± 0.0·17 0.679 ± 0.048 
Heart 0.4(10i()016 0. 173 J. 0.0•1 I 0..180 i 0 025 0.'198 :t 0.056 
Lung 0.592 .t 0.088 0.578 ± 0.062 0.667 :. 0.03.1 0.663 ± Cl Ot\9 
Testicle (rt) o390:: n044 0.371 :t 0.017 

14 days post aloe 
Mortahucs 0/6 0/6 Olti 0/6 
Abnormal d1111<.il Mgn> 016 U/6 0/6 0/6 
Gross abnormahlle< 016 0/6 0/6 0/6 
Weight Change 'l.. 11111. h.M . 3.36=191 6.37 ± 0 772 7.18 :t 2 "' 6.85 :t 3.46 
Rela11ve organ weight 

L1v«.'r '1.85 :t 0.252 4.65 ± 0.108 5.21+0.372 .j 74 ± 0.388 
Kidney (rt) 0.76'> ± 0.072 0.750 :t 0.029 0.72•1±0.0 17 0.67'.I ± O.IM8 
Heart 0.41!7 ± 0077 0.442 0.037 0.585:: 0.063 0.182 i 0.061 
Lung 0.633 ... 0.080 0.614 :t 0.650 0.715 ± 0075 0.662 ± 0.053 
l°l-sllcle (rtl 0.390 :t O.OH 0371 ::t U.017 

V.ilu~-s preq:ntN .i~ mt,.in • "'J 
" Rd>1i•c <>'ll>n W<1gh1• al\' t>Cpl'<•~d .u • pcr'<nl of boJy "'''1~h1 

TAuu. 3: Hematology of '~hole blood from B6t.3H nucc admmmcrcd aloe Juice b} gavage. 

l'aramNcr>-3 Jar ec"I cxpo,urc Control male Aloe m.11,. l.u111rol t\,malc Aloe female 
IIBC (10° / uL) 8.6 t 0.21 8.8±018 8.7 t 0.16 88 ± 0.25 
Hh(gldL) 13.l ::t033 13..1•0211 13-3 ± 0.33 13.4 :t 0.31 
HCT ('!bl ~1 'i +I 2'.I 14.1 . 1.16 4l2±1.l l 12.\1 ... 1.21 
ROW ('!lo) 12 7 :t 0.45 12.i:O 30 ID :t0.-16 II 9 ... 0.36 
~1CV (fi.) 50.1J.0..18 502±086 1\1.6 :t OJO 48.i±O.H" 
MCH (ft) 
MCHC (g/dl.) 

IUt0.04 
30 i :t 0 23 

15 3 t 0 18 
30.4 = 0.32 

154 - 0 lR 
)i.0 ± 0.43 

·~ ' ... 0 ·~ 
31.2 :t 0.27' 

Pla1clcts (10 1/uL) 1100 0 ± 102.10 1116.8 ± 129 )I 952.2 .1 128.94 1041 .7 ± 128.75 
WllC's (101/uL) 2.2 :t 1.02 3.3 ± 2.M 2.1±0.'.12 2. 3 :t 0.58 
Parameter~l4 dar po<l e~po<ur< 
RBC' (106 /ul.) K.7 t 0.12 8.7 .i 0.27 84 = 0.28 8.7 :t 0.15 
Hb(g/dL) 13.2 :t 0.39 Ill +041 131=0.'14 13.6 :t 0.42 
HCT(O,,) 44 7 :t 203 13.8 1.21 -1:?; ~ 0.87 43.3 :t 1.48 
ROW(%) 13.0 • O.H 132-064 14 0 i 3.53 12.2 :t 0 71 
MCV (fl.) 51 0:: 0.75 50.1 .. 0.·15' 51.7 ± 3.5•1 49.6 :t () 211 
Mt.H (ft) 151 t0.18 1s.o ± o.og 15.8 .. 0.1\1 15.6 :t O.M 
MCHC (g/dL) 29.5 .1 0.50 29 8 :I: 0.36 30.6 ± 1.6 31.5 t 0.1·1 
Platdcts (10 1/ uL) IOM 11 :t 129.2 1100.0 i 104.5 955.2 1 310.53 1023.5 ± 16.2 
WBC's (IOJ/u l ) U tl.5 3.8 :t I.I 3.1±2.3 2..1 :t 0. 12 

\'.tllltl cxpres"'J " m<•n 1 'J 
•p ~ 0.05. 
RBC: rcJ hlnod .di rnunt, Hb hemoglobin: Ht.T· htm'10<f11. ~!CV.m<.ln corp11><ul.u rnlum • .,\!CH:me•ncorpu><ulu hcmoilobin \\'BC: total wh1k bk>od 
ctll rount; RD\\" rt"U Mood -.II di>tnbuuon ,.,Jth, M< .HC m•·•n .oorpuscular htmoglobln 'one<ntration; \\'BC'> while blooJ coll counL 

3.2. liffects of Arnie.' DCWL Aloe Admi11istm1to11 111 Miu ~ml fem~k mice aft~r both 3 an<l 14 days postadmnus· 
at .1 and 14 Days Postad111i11istratio11. There were no mor 1rat1on of aloe had body and organ \vcights similar to 
tahties en any mk( f(d high concentrations ot aloe 1mce. control mice (Table 2). Necropsy was unremarkable in all 
Mice wen: equivalent to control mic( m beha,•ior Male nucc. 
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TAHLl 4. C:hni~al ~hcm1<1ry ol pla<ma from B6C3FI ml(e admm1~tcrcd aloe JUICe by ga,-age. 

Parameicr<-3 dar< pos1 exposure Conlrol male Alo<mak C:on1rol female Alo< lcm.1le 
AIT (U/1.) 260 :I: 3.S 23.0 :I: 5.4 18.4 :I: 2.0 19.7 :I: 2.2 
Al I' (U/I.) f.•12± 4 4 t.O.Slt :t 7..1 87.X :t 9.4 XS X± 16<1 
CK (U/I.) 2876 ± 264.8 146.0 ± 114.7 85.4 ± 29.2 120 2 t t18.3 

I BIL (mg/dL) <0.1' SO.I SO.I so I 
Tn1al pro1ein 1.5 ± 0.13 4.3 ± 0.1· 4.1 ± 0.13 4.0 + 0.42 
llU:-1 (mg/di.) 18 0 :t I 2 18.0: I I 22.8 ± 1.9 22.5 ± I.I 
C.rcaunine (mg/dL) !0.2' so.2 so.2 so.2 
l•ar.unel<r~-J.I Jay> post expo.urc 
ALI (U/L) 25 21: 74 218: 6 5 H.2:t11.9 18.7 • 2 I 

ALI' (Li/L) 712: 18.0 67.4 ± ;.o 101 3: 3.9 86?: 16.6 
t K (LIL) 117.0 :r 14.3 16'J.2. ~6.'J 15Z2 + 10~.5 1'160+ IH.6 

TRI! (mg/di.) so 1' SOI SO.I SO.I 

l'olal pro1ein '·8 t 0.06 10 ± 0' '8±0.0;\ 'll:t02 
RUN (mg/JL) W.8;t4.0 21.8 ;I: 26 24 3 :!: 2.3 22.2± 1.0 

Cre~un1ne {mlildl.) <0.2' <0.2 so.2 <0 2 

\'Jhl<'> L'Xprt'~~·d a~ mean± s.d 
• p. o.os 
All alanine amino1ransf<l'3S<' activny; ALP •lk•hnc pho>pha1~ Actmty; CK. crc.unc k111•'"· IBil toul b1hrub111; 8l'1'· biood urc• nitn>K<'n 
•Levels for TRU. .ind (tt..'3.Hnlne \\'Ct~ .tt or b..:low 111\Crumcnt quant1tat1on tbrc"hu!d 

70 17 84 91 98 105 112 119 12<> IJJ 140 147 154 l(>i 
D•)"> of •g< 

..... l'emalc al.,., rat "eight Molle Jloe r.11 ""Shi 
~ Ftm.ilt '-Ontrol nt ~tight ~ 1\t.l!t ..:onttol r.u ,..eight 

~IGliRt 2: WedJ) bod) wc1ghb ofm;ilc .mJ female ms fod OCWL 
aloe'era d1el over 13 wee~. The <ymhoh rcprc>cnl mean valu<.'1> for 
(Ontrol and aloe-fed groups error b.irs .Jiuw ~tandarJ dcV1auons 

1 lematologic values from blood sampled from mice at 3 
days and 14 days postcxposurc to the aloe vcra juice were 
gl!nl!rally >imilar lo control group mice (Table 3). The few 
values that appeared to be d1tfcrcnt between groups had 
vcr)' small variances within groups; 1hus. small d1ffcrcnccs 
between means were stat1stteally (akulatcd as different. 
llowever, in all cases the d1flcrcnces bet 1•·ecn means were 10% 
or le~. Clinical chemistry values from blood sampled at these 
11me periods were also s1m1lar to values for control group 
mice (Table 4) 

Sections ofhver from aloe gavaged and control mice were 
mtcroscoplcally examined. The archnccturc 01 the ussues 
and cellular morphology wcrc considered l yp1cal of mice at 
their age (data not sho" n). For imlancc. male livers from 

17 84 9198105il21i9i26133il0117154161 
Days of •g< 

..._ tcmale nl<>< rat 1..,J ....,._ ~falc .il1>< rGI ked 
-&- 1cmJtc wnlrol ra1 feed -9- ~t.ile •ontrol r.t Iced 

FtGVRF 3 Weekly feed consumpllon of male Jud female rat~ fod 
UCWL aloe \era d1<1uwr13 """ks- The wmbol< rcprc<cnl mean 
value< for control and aloe·f,•J group< error bar< \how 'tanJard 
Je,~a11on< 

both control and mice treated with the test extract showed 
moderate cytoplasmic vacuolation, u1stanccs of binudcatc 
hcpatoq1es, and extramedullary hematopoiesis (FMI I). 1he 
female m1~c treated w11h the test extract as wel l as controls 
showed muhilo,al EM! I. some cytoplasm1c vawolntion. and 
bmudcatl' hcpatoq te-. but tliJ not display the occasional 
mild hep.uocdlular necro>b seen in male> No pathologic 
features were determmcd to be exclus1,·ely or predominantly 
as~oc1ated l\lth test group~. 

JJ Subd1m111r Fud Ad111111istrario11, 13-\Veek Rar Sri.dies. 
During the course ol study. there were no mortahltes m 
any group. D<.;WL aloe vera-fed rats were equivalent to 
control rats 111 behavior. Both body weight gams anti feed 
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TAHLf. 5: The effect of aloe vera administration for 13 weeks on rat organ weights. 

Parameter Mak CODI rol WLalo~ male Control remak WL aloe female 13 week 

Mortalities 0/7 on 016 0/7 

Abnormal cJlmcal signs 0/7 017 1/6 017 

Gross abnormalltics at necropsy 017 017 0/6 017 

% body wdght change 190.3 ± 6.63 177.5 ± 23.IO 143.6 ±5.82 144.4 ± 10.74 
Relative organ weight' 

Liver 3.76 ± 0.2>3 3.82 ± 0.178 3.30 ± 0.103 3.28 ± 0.16•1 

Kidney (rt) 0.338 ± 0.059 0.374 ± 0.070 0.334 :!: 0.045 0.328 ± 0.072 
Kidney (If) 0.334 ± 0.077 0.412 ± 0.098 0.352 ± 0.049 0.336 ± 0.061 

Heart 0.325 ± 0.034 0.29 I ± 0.050 0..119 ±0.051 0.376 ± 0.044 

Lung 0.490 =0.081 0.550 ± 0.080 0.5-10 ± 0.059 0..197 ± 0.082 

All values expr~ued as mean± nandard dcvmlon. 
·PS ll.OS C<1111pamJ wilh i:<ndcr control 
' Relalivc organ weigb1s arc expressed ;is• pe.-cn1 <>fl>ody weight. 

TAnLn 6: The effccl of aloe vera admini$tra11on for 13 weeks on rat hematologies. 

Paran1eter Conlrol male WI. aloe male Control female WL aloe female 
RBC (lo•1u L} 7.95 ± 0.28 8.28 ± 0.3<1 7.26 ± 0.59 6.911 ± 0.42 

Hgb (gldL) 12.54 ± 0.32 12.94 ± 0.50 12.32 ± 0.20 11.80 ± 0.71 
HCT(%) 38.i6 =1.13 40.09 ± 1.33 37.68±1.21 35.83 ± 1.97 
RDW(%} l:?.99 ± 0.30 ll.89 ± O.IJ 8.10 ± 5.08 11.29± 0.3~ 
MCV (fl} 48.73 ± 0.54 48.66 ± 0.59 51.05 ± 0.67 51.60 ± 0.97 
MCH (fl) 15.79 ± 0.22 15.73 ± 0.14 16.67 :t 0.45 17.00 :t 0.77 

MCHC(g/dLl 32..10.1:0.n 32.99 ± 0.37 32.67 +0.58 32.94 ::t: 0.S2 
Platelets (JO' /uL) 613.43 ± 48.4 1 586.57 ± 66 12 569.17 ± 84.41 564.43 ± 61.43 
MPV (it) 7.67 ± 0.61 7.40 =0.13 7.72 ± 0.30 Z99 ::t: 0.51 
Plasma protem (g/dL) 7.56 + 0.61 12.03 :t 13.22 6.80 ± 0A6 6.47 ± 0.69 
PCV (%) 38.43 ± 1.13 39.29 =160 36.17 ± 0.98 34.71±1.60 
WBC's ( 101/u I.) 4.73 ± 0.56 5.17 ± 1.19 3.<12 ± 0.53 3.07 ± 1.09 
Neutrophils (%) ll.89 ± 0.27 0.':13 ± 0.24 0.52 ± 0.10 0.61±0.23 
Lymphocytes(%) 3.5':1± 0.6\1 3.96 ± 0.95 2.67 ± 0.49 2.31 ±0.90 
Monocytes (%) 014 ± 0.05 0.21 ± 0.11 0.15 ± 0.05 0.13 ± O.IO 
Eosinophih. (%} 0.07 t 0.05 U.06 :t 0.05 0.03 ± 0.05 0.04 :I: 0.05 

All values cxpre$$C<l .u mc•n ± •tandard de\'latlon. 
•P S 0.05 <iu11pare1i wllh gender control 

consumption of rats fed lht" test extract were equivalent to the 
same parameters m the control males and females (Figures 2 
and 3). 

One female rat died during transport from the vendor. 
and thus the control group of females contained 6 rats, 
while all olh~r groups contained 7. One control female rat 
developed a facial swelling during the study. This swelling 
was diagnosed to be an abscessed tooth. The ral was 
treated with an antibiotic (enrofloxacin) and nonsteroidal 
anti-innammatory (mdoxicam) for a one-week period. This 
female responded well to therapy and was included in final 
data analyses. 

Al the study's conclusion, weights of organs were not 
significantly different from control in either sex (Table 5), and 
gross necropsy was otherwise unremarkable. I lematologic 
analyses showed that no parameter assessed m raL~ fed with 
the DCWL aloe vera differed significantly from the respective 
comrol group (Table 6}. Clinical chemistry values from blood 
were al~o generally not different from control group mice 
(Table 7). There were no differences in males; however, in 
females. values for albu1mn and cholesterol were lower in 
rats fed the test extract versus control rats. Cholesterol was 
reduced in males fed the Lest extract, but this cWference wa.~ 
not statistically significant. 
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i"ABU: 7 ·1h~ dfc1.1 ofaloe '"'a admtn1>tra\lon for 13 week< on rat d1mcal <hem1<t1rc\. 

l'Jr<lllld<r 
(;luu"'' (m!\fdl.) 

Control mal~ 
221 0 :t ,6 13 

WL alw male 
200.7 :t 59.92 

<..omrul female 
190.3 t 8.26 

WLaloe female 
168.9 + 34.28 

A~ I (U/L) 6111 :1: J.1.SO 62.33 :!: 8.45 71.17 :t 18.98 68.M i 12.27 
t\1:1 (U/L) J5.29 .I. 5.22 41.67± 13.95 29.33 :I: 10.29 25.116 :I: 4.45 
ALI' (U/L) 147.0 !' 15.77 152.8 :I: 5.91 16717 =12.58 150.H:!: 2881 
< "- CU/L) 190. H .1. 113 IS 353.00 ± 380.35 10 1.50 z 72.02 235.2\1 r 13217 
Tmal protein (g/dL) 5.81 :!: 0.47 6.02 :I: 0.43 567 r045 5 25 :I: 0.52 
Alhumin (g/dl.) .I 06 :t 0 2·1 3.07 :!: 0.11> 3.23 ± 0.27 2.111\ :!: 0.23' 
t.lobuhn (g/dL) 2.76 t 0.26 295 =u 28 2.42 =0.23 2J7 ± 0.31 
C"holc<lerol (mg/dL) 103.7 .!: 17.21 94.83 + 61i5 102.8 !: 995 M .oo :1: 12 sr 
OLIN {mg/JL) 21N.,.206 10.li :t 1.60 17.33. 7.91 18.86 +l.16 
( rcallmnc (mg/dL) 0 31:t0035 0.32 =0.032 o ~4 =o.oi 0.30 :t 0.03 
<.aloum (mg /JL) 8.99 11.69 9.37 :!: 0 67 8 25 J. 1.16 7.16 :I: 0.94 
Pho<phoru< (mg/dl) 3.1!9 :!: 0. 11 1.00± 0.H l57 ± 0.38 '03 :I: 055 
SoJ1um (mmol/L) 1411 t I 22 140.7 :I: 1.51 M0.6 :I: 1.97 142.1:I:1.57 
l'om"um (mmol/L) 3.2•1 • 0.30 3.50 :I: 0.18 2.75 :I: 0.14 2.59 :I: 0.20 
Chloride (mmol/L) 103.3 :I: 3.15 101.8 t 2.32 106.2 :I: 2.14 110.6 t •1.61 
lhcarhonale (rnmol/1.) 25.00 :!: 2.00 26.57 .t 2.70 23.2 ± 3.63 20.<19 :I: 2.68 
Anton_s:1p (mmol/L) 16.ll :I: 1.50 IS.77 :t 0.77 13.73 :I: 1.67 13.67 .1:. I.SI 
All v1luu oxpremd ;u me.1n + st~nd~rJ drv1.111on ·I'.; 0.05 comp•rtJ with i•nder control 

1hc cc.:um (including the cec.i.1-,ohc 1u1Khon), .lSccnd· 
mg. lransvcrse. and dcsccndmg colon and rectum were 
opened and exam111ed for gross abnormah11e~ (I.e.. masses or 
ulcerative lesions). No abnormali11es were found 111 aloe or 
comrol rats of either gender. 

4. Discussion 

In lhts study, we sough1 lo de1erm1ne 1t oral adm1111strallon ot 
'on,enlraled levels of a commcrciall} available DCWI. aloe 
JU ice. Lily of the Desert Filtered Whole Leaf Aloe vera Juice 
with Alocsorb, produced geno1ox1C11y 111 l'ltro, acute/subacute 
tox1ci1y in mice or subchronic 1ox1c1l)' Ill rat> ln agreement 
wilh lhc rc~ults of others who have lC>h:d alot! \'!!Ta from 
the mner gel fillet IJSJ. we found no eviden'e to >Upport 
geno1ox1c effects in baclerial a~ays 

In previously reported 111 vivo tox1c1ty tests, aloe denva
lives w11hout the anthraquinone conta111111g latex are not 
associated w11h adverse efft-cts. !keno ct al. [28] tested dried 
powder from lhc mner leaf fillet 111 a feed s1udy wi1h l:'ischer 
344 ral> and found no loxicily. More rcc~nll)'. Tanaka el al. 
(291 reported no mortalities, no abnormalities al nccrops)'. 
and no differences in body weight ga111 alter 14 days u1 a 
rat ~1udy 1his study tested an aloe vern gel cx1rac1ed wilh 
supercnucal carbon d1ox1de adm1ms1ered as a single oral 
dose of 150 mg/kg. ln our m vn·o ass.l)'S, \\C also found 
no cVJdencc of aloe tox1a1y. In mice, our dCUle sludies 
Jcmons1ra1ed no mor1alttit!>, no chang<·s m bcha,~or, body 
we1gh1. or organ \\'eights. I Iema1olog}· and d1111Cal chemis1ry 
values were generally not significantly d1flere11t compared lo 
con1roh ahhough 111 some instances, a measured value for 
one parameter was d1£feren1 from lhe ~on1rol al P ::; 0.05. 
If the mouse showed no other subJCCt1vc/ob1cc11vc change 

~uggc>tmg 1oxici1y, ,,.... considered lhese values lo be lhc 
o"asional oullier>, which ,,·ould be an11c1pa1cd A1vcn the 
large number of mdl\1dual parameters quanlimed. and '~e 
did 1101 feel lhat lhe'e wc:re b1ologically relevant differences 
between aloc-trea1ed and un1rea1ed groups. 

Ra1s fed DCWL aloe vera juice over 13 weeks also dis
played no adverse signs. Necropsy evalualions, hcmalology, 
and clinical chc1ms1ric> were gt!nerally similar to lhe con1 rol 
group» '!he <lilfcrcnce in plasma album111 was not foh 10 be 
a toxk effccl s111cc we found no differences in tolal protein, 
globulln, or scrum pro1em m females and bc.:ausc albumin 
in males led wi1h the les1 extrac1 wa~ not d1tTeren1 (P ~ 0.94) 
One notable effect wa~ lhe significandy reduced cholesterol 
concen1ra11on m females. Cholesterol has been reported to be 
dt:erea>ed m ra1s tha1 were admm1stered aloe wra prcv1ousl)' 
(30, 31); thus, lh1s resul1 m our anal}'sis i> not ~urprising. 
I luseini e1 al [7] have reported that aloe i:ct rcdu,cd 1.holcs· 
tcrol tn human' tn a clinical trial; however. lhe;e clinical 
results have not been verified mother studies to date. Thi~ "'3~ 
a rcla11vcly short lcrmed study with young, healthy animals, 
and this effect may have been more pronounced and/or ~ccn 
In male> over a longer term or in aged animals. S1ud1e; 
cmploymg mnatdy hypercholesterol rat models have shown 
a grea1cr cholcs1erol reducing effec1 of aloe [32]. Natural 
producl> that lower cholesterol arc sought alter by consumer' 
ot supplements. Therefore. although this s1udy was nol one of 
eflicacr de1ermma1ion. u is a notable observal!on. 

Of particular 1mercs1. m our 13-week ra1 s1udy, lhere 
was an anal)·s1s of lhc large inlestinc for ~igns of mu<osal 
pathology 'fhcsc pathologies were repor1ed in 1'144 rats 
with water adm1111s1ercd. nondccolonzcd whole-leaf aloe 
\'Cra cx1ract (10] and feamred a signlficandy increased 
incidence and severity of mucosa! hyperplasia with goble1 
cell h)•pcrpld~ia lhal wa~ more pronounced m male rals. Our 
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TABLI'. $ ; Con;umpllon ofAloe \'Cra by rats In this <tudy \'<tSU• N n> drinking wata •ludr 

Target maloc JL1d Maho. aud molanty in Con;u111plion ol Weight ol rats at umoVday malic acidDu;c' ofaloe 
conccntrnt10n dosed form (mM) do;cd form ( • da •)' I weeks (g)' consumed/100 g body wc1gh1 

!8.80 male 200 0 male 212.8 m.. ,.
NTP 1% m water 19RO (ppm)" 14 R 

22.46 fomalc M2.6 female 232.8 female 
36.2 mmol/kg 11.30 male 23Mmalc ns.o malel'rcscni study 100g/kg 37.8'feed ' 9.13 female 150.0 female 229.3 female 

• token from ·r.bk H4. Targ<l v•luc> for malo, , , ,J •Jmln1<1erod to r.ts m th< l·•c•r .iuJy 31 •pprox1m3l<lv 4 "wks. pg. 260 Nl P study. 
"~lta.-surrd 1n Aloe feed extract 
• :-; 11' Ja1iubi.incJ lrom T•bk> 11 •nd J2. pgs 2~J •nd :!ll·l XTP <1udi 
'A"um<s I ~nm f«d - I ml sohd. 

data obtained using a DC\\'L aloe vcra jutCe contrast w11h 
these pre,·iou~ results. No gross oi nuao,copi~ C\'idcncc of 
intestinal pathologies was observed. Ral mtestmal sections 
from both control and rats fed with the test extract displayed 
typical mucosal phenotypes including sections wuh variable 
levds of focal lrmphoid cdlularity in lhl' l.imina propria and 
occasional variations in the d"gr"t: of fibrou) li~ue between 
~rypts: however, crypts were um form m lcng1h and depth and 
goblet cells were evenly distributed and not O\'Cr productive 
with mucous secretions. 

The differences in findings between our present study 
and that of the NTP are most likely due to the different aloe 
,·era 1uices t<!sted We ha\'e not identified spcCtfic component~ 
111 nondecolorizcd whole-leaf aloe extract that are reduced 
or absent in purified whole leaf beverage~ and which may 
have led to the mucosal response observed b)' the NTP. How
ever. allractive candidates are the anthraqulnones associated 
wtth the latex in whole leaf juice hut largely absent from 
activated charcoal-treated aloe. Most aloe an1hraqumones 
exist as glycosides, which arc rarely mutagcmc (33]. Free 
.1nthraqu111ones, released m animals after intestinal microbial 
oxidation of the glycos1dic bond), haw been associated with 
in vitro mutagenesis, although aloe-emodin, the predomi· 
nant anthraqumone released by microbial actton on aloin 
glycosides, has been repeatedly found to be negative m a 
variet)' of m "'vo assays (reviewed by (31)) Longer termed 
animal ~tudies. particularly w11h a ~~muiw ..,pecie), could 
re\•cal toxtcologic or carcinogenic t>ffoct~ not )Cen ,_,th acute 
assays, and th<! rat model seem) well suited to potentiate 
toxic and carcinogenic effects of aloe's anthi aqumones. Rat~ 
(a~ well as mice) have substan11al quanti1ie~ of microbial 
nora throughout their upper as well as lower gastrom1esti
nal tracts (34] mcludmg those! such ,1, f:11bacrcriim1 spp. 
which arc capable of oxidizing the barbalom C-glycosidic 
bond (35, 36J. ln contrast, human~ have a relatively sterile 
upper c..;1 tract [32], and anthroid glycosidcs pass mLacL to 
the colon before limited C glycosidase activity occurs [31]. 
Other aloe vera components, such as pol)'sac~handes that 
serve as growth substrate~ for £11badrri11111 (Y']. could alter 
mt.~tmal flora 111 favor of glycosidasc-capable bacteria. The 
rat may there1ore be an ideal sentmel for mtcstmal toxicities 
associated with lhe phenoltcs 111 .iloe: however, extrapolation 
of carcinogenic ouicom"" should account for the degree of 
relative human exposure to the tree anthraqmnones and the 
levels of anthraqumone glycMide. 1n the aloe iu1ce extract~ 
tested. 

·1 he levels of aloe wra consumed by rats m the prt!1>ent 
study are similar to a concentration consumed by rats in 
the 2·rear ral NTP study (see Table 8). The NTP study 
used dried nondecolorized whole leaf aloe JUiee powder 
at levels of 0. 0.5, 1.0, and 1.5% in dnnkmg water. At the 
1.0% level, male rats in the NTP study drunk an average 
of 21:U!O mls/dJ)' at .ipproximately the 4-week timl' point. 
1hl.' drinkmg water contained a target of 1980 ppm of t11dlic 
acid. This equates lo 212.8 !•mol malate/day/ 100 g rat body 
weight Female~ consumed a similar amount In our stud\-, 
male\ and female~ consumed approXllllatcl)' 232 µmol malic 
acid/day/ 100 g weight. These data indicate that the rat~ in our 
study consumed an amount of aloe JUice equivalent to tho? 
1.0% aloe Jnnking water m the :\TP Mudy by mahc acid 
equiv.iknq. 

In >Ummary, after assessmg a DCWL aloe beverage for 
both genetic and 111 1•1vo tox1c1ty. we found no adverse effects 
a;sodated with high intake of aloe at acute or subchromc 
penod,, Importantly, we did not find hypcrplastic mucosal 
changes that were so notable in a recenl report using nonde
colon.:cd whole·leaf aloe. Therefore, it is reasonable to believe 
that compoMnts 111 the untreated leafextract arc responsible 
[or the large mtestmal hyperplas1ic reactions at I~ we4"ks 
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RSC. Red blood cell rnunt 
Hb: Hemoglobm 
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MCV: Mean corpuscular volume 
MCH: Mean corpuscular hemoglobin 
WU<.:: Total white blood cell count 
ROW: Red blood cell distribution width 
MCHC: Mean corpuscular hemoglobin concentration 
PCV: Packed cell volume 
ALT: Alanine ammotransferase activity 
ALP: Alkalme phosphatase ac11v11y 
CK Creatmc kinase 
TBIL: Total bthrubm 
BUN: Blood urea nnrogen 
PPM Parts per mtlhon 
DCWL: Decolomed whole leaf 
2-AA- 2-ammoanthracene 
4:-IQO: 11 N11ro<1uinoline 1 oxide. 
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