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Aloe Vera

lts Chemical and Therapeutic Properties

Ronald M. Shelton, MAJ, USAF, MC

Many people admit to self-treating burns or cuts by
applying the leaf of a potted Aloe vera houseplant di-
rectly to their wounds. Much of the information about
Aloe is anecdotal. Unfortunately, only a few controlled
clinical studies of Aloe have been reported in the litera-
ture. In this review, the historical uses of Aloe will be
highlighted and its chemical composition and biologic
effects will be described.

History

In Mesopotamia, clay tablets dated 1750 B.C.E.
showed that Aloe vera was being used in a pharmaceu-
tical manner (Table 1). Egyptian books from 550
B.C.E. mentioned that infections of the skin could be
cured by the application of Aloe. In 74 C.E., a Greek
physician, Discordes, wrote a book entitled De Materia
Medica in which he stated that Aloe could treat
wounds, heal infections of the skin, cure chapping, de-
crease hair loss, and eliminate hemorrhoids.! Aloe was
used predominantly for eczema around 1200 C.E.2 Be-
cause Aloe was used mostly as a cathartic medicine,
little thought was given to its other uses. Previously
reported applications of Aloe vera, which are not well
substantiated, include seborrheic dermatitis, thermal
burns and sunburn, cystic.acne, peptic ulcers, amputa-
tion stump ulcers, lacerations,’ colds, tuberculosis, gon-
orrhea, asthma, dysentery, and headaches. It has also
been used as an insect repellent and as a laxative.

The Aloe Vera Plant

There are more than 300 species of Aloe plants.* Aloe
barbadensis is now referred to by taxonomists as Aloe
vera.! A major pharmaceutical text indicates that Aloe
United States Pharmacopeia is either Cape Aloe (Aloe
capensis, South Africa),’ otherwise known as A. ferox,
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or Curacao Aloe, also referred to as 4. barbadensis.®
Therefore, when studying Alce vera, one should men-
tion the specific species used so that confusion is elimi-
nated. ‘

The Aloe plant has yellow flowers. The leaves are
arranged in a rosette configuration; they are triangular
and spear-like and have thorny ridges. They are meaty
if filled with gel that arises from the clear central muci-
laginous pulp. The Arabic word “alloech” means shin-
ing and bitter.” The peripheral bundle sheath cells give
rise to a bitter, yellow exudate that is responsible for the
cathartic effect.® The plant reaches maturity when it
measures 1/2—4 feet long and has a base of 3 inches or
greater in diameter. The most mature leaves are on the
outer part of the rosette.! Aloe vera was first cultivated
for pharmaceutical distribution in 1920.° It matures
differently depending on the cultivating conditions.®'°
Aloe vera dries to a black powder but will produce a
red, gelatinous substance if frozen.

There are conflicting reports in the literature con-
cerning the shelf life of Aloe under varying storage con-
ditions. Lt. Col. Hammitt of the United States Army
Medical Research Branch found no evidence of Aloe
having a therapeutic value.!

Chemical Components oi Aioe Vera

In 1851, it was discovered that the potency of Aloe was
the result of aloin, a bitter juice that dried to a yellow
powder and functioned as a cathartic medicine (Fig. 1).
It is synonymous with barbaloin, 10-(1’,5'-anhydroglu-
cosyl)-aloe-emodin-9-anthrone, which is a glycoside.5
Anthraquinone derivatives include anthracenes such
as aloe-emodin, which is 1,8-dihydroxy-3(hydroxy-
methyl)-9,10-anthracenedione. These water-soluble
glycosides were separated from the water-insoluble re-
sinous material.

The different species of Aloe have different chemi-
cal compositions.!! Unfortunately, many investiga-
tions of the constituents found in Aloe do not report
the specific species studied. Gjerstad'? found that the
leaves of the Aloe vera plant contained 99.5% water
and 0.013% protein. Rowe and Parks"? also noted fruc-
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Table 1. History of Aloe Vera Therapy

1750 B.C.E. Aloe pictured as medicinal treatment on
Mesopotamian clay tablets
550 B.C.E. Egyptian books refer to the treatment of
skin infections
74 C.E. Greek physician writes about his success
in treating wounds, hair loss, and
hemorrhoids
700 C.E. Aloe used for sinusitis and eczema in
the Orient
1200 C.E. Predominantly used as a cathartic
medicine
1935 C.E. Modern experimentation begins with

radiation-induced ulcerations

tose, ash, and amylase. Although they did not find vita-
mins A or D, Coats and Ahola' indicate that Aloe con-
tains beta carotene and alpha-tocopherol. Many other
organic compounds and inorganic elements have been
found by others™!'* and are listed in Table 2. Both fresh
and commercial Aloe preparations were found to con-
tain high levels of lectin-like substances.!’> Lectins,
which are found in some plant seeds, are hemagglutinat-
ing proteins that bind to glycoproteins and decrease
inflammation. Lignin, which is similar to cellulose, is
believed to provide Aloe with the ability to penetrate
skin, whereas saponin offers antiseptic properties. Gib-
berellin acts as a growth hormone'®: it decreases inflam-
mation, but, unlike steroids, stimulates protein synthe-
sis. The central gel mucilage is thought to contain the
growth hormone-like substance, whereas the yellow
sap has been found to decrease cell growth.

In Vitro Properties of Aloe Vera

Some researchers claim that Aloe vera has both antibac-
terial'” and anti-inflammatory properties.!®* The anti-
inflammatory properties can be explained by three
mechanisms. First, Fujita and Teradaira'® found that a
carboxypeptidase in Aloe could inactivate bradykinin.
An analogy was made to a peptidase known as brome-
lain that exists in the stem of pineapples.?® Second, salic-
ylates were shown to be byproducts of emodin, aloe-
emodin, and aloin.!* Finally, magnesium lactate is
known to inhibit histidine decarboxylase, thereby pre-
venting the formation of histamine from histidine in
mast cells.*

The production of both thromboxane B, and pros-
taglandin F, alpha has been shown to decrease because
of competitive inhibition when Aloe is added.!#?' A
commercial preparation of Aloe was reported to de-
crease the amount of thromboxane A, that formed in a
monkey that had been scalded accidentally.??

Decolorized, or anthraquinone-free, Aloe has been
reported to inhibit inflammation more than the color-

ized form of Aloe.”> Whereas high concentrations of
anthraquinones have been shown to increase the pro-
duction of prostaglandins by an irritant effect, trace
amounts can decrease the inflammatory response.® If
given by the oral route, Aloe depends on anthraqui-
none for it to be absorbed effectively.?*

The growth of normal human cells was promoted
by the in vitro exposure to fresh Aloe leaves.”* Com-
mercially stabilized Aloe gel, however, was cytotoxic to
normal cells. Penneys®® hypothesized that compounds
inhibiting oxidation of arachidonic acid might decrease
inflammation. Using an in vitro assay, he noted that
increasing concentrations of a commercial preparation
effected increased inhibition. This study also showed
that vehicles used in Aloe preparations (eg, petrolatum,
mineral oil, and agauphor) all inhibited prostaglandin
production. This emphasizes the importance of design-
ing vehicle-controlled studies. Thermal and radiation
burns have healed slightly quicker and with less necro-
sis when treated with a control ointment versus Aloe
ointment.?’ Aloe-emodin inhibits a murine leukemic
lymphocyte strain known as P-388,%® but the vehicle,
which is polysorbate 80, may be responsible for this
action.

Antibacterial properties of Aloe vera include in vi-
tro inhibition of Myobacterium tuberculosis®*®** and
Bacillus subtilis. Lorenzetti et al.*' demonstrated that
the juice of Aloe vera was bacteriostatic against Staphy-
lococcus aureus, Streptococcus pyogenes, and Salmo-
nella paratyphi, but also unstable. An Aloe vera extract
of 60% concentration was found to be bactericidal
against Streptococcus agalactiae, Enterobacter cloacae,
Citrobacter species, Serratia marcescens, Klebsiella
pneumoniae, and even Pseudomonas aeruginosa. A
70% concentration inhibited Staphylococcus aureus.
To inhibit Escherichia coli, an 80% concentration of
Aloe extract was required, whereas a 90% concentra-
tion was needed for Streptococcus faecalis and Candida

ALOE-EMODIN

ALOIN

Figure 1. Molecular structures of aloe-emodin and aloin. Structures
reproduced from Budavari S, O’'Neil MJ, Smith A, et al,, eds. The
Merck Index. 11th ed. 1989. Permission granted by copyright owner,
Merck & Co., Inc., Rahway, NJ, USA © Merck & Co., Inc., 1989.
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Table 2. Chemicai Composition of Aloe Vera

Anthraquinones Inorganic
Aloin Ester of cinnamic acid Calcium
Barbaloin - Aloe-emodin Sodium
Isobarbaloin Emodin Chlorine
Anthranol Chrysophanic acid Manganese
Aloetic acid Ethereal oil Magnesium
Anthracene Resistannol Zinc
Copper
Chromium
Potassium sorbate
Saccharides Enzymes Vitamins
Cellulose Oxidase Bl Folic acid
Glucose Amylase B2 C
Mannose Catalase B6 Alpha-tocopherol
L-rhamnose Lipase Choline Beta carotene
Aldopentose Alkaline phosphatase

Essential amino acids

Nonessential amino acids

Lysine Leucine Histidine Proline
Threonine Isoleucine Arginine Glycerine
Valine Phenylalanine Hydroxyproline Alanine
Methionine Aspartic acid Tyrosine
Glutamic acid

Miscellaneous
Cholesterol Uric acid
Triglycerides Gibberellin
Steroids Lectin-like substance
Beta-sitosterol Salicylic acid
Lignins

albicans. B. subtilis was not inhibited in this study. An
80% concentration of Aloe vera was shown to inhibit
growth of Trichophyton rubrum and Trichophyton
mentagrophytes.? Aloe vera was also noted to be viru-
cidal against herpesvirus.

In Vivo Studies of the Effect of Aloe Vera

In 1935, Collins and Collins published the first credible
report of 2 medicinal use of Aloe vera.** A woman expe-
rienced acute radiodermatitis after receiving a depila-
tory x-ray dose to her scalp. Eight months later, when
she was still unable to receive relief from various treat-
ments, she applied the inner, gelatinous side of a fresh
Aloe vera leaf directly to her wound. Within 24 hours
she noted relief from itching and burning, and in 5
weeks her dermatitis healed. Shortly thereafter, three
similar cases were reported®****; no control subjects
were used in these studies. In 1937, Crewe* treated
palmar eczema and pruritus vulvae effectively with
whole-leaf gel topically. An uicer that resulted from the

administration of intraoral radium healed after 10
weeks of treatment with topical Aloe leaf therapy.’’
Crewe noted satisfactory to good results when Aloe
powder mixed with mineral oil was used to treat ther-
mal burns.®

In 1941, Rowe et al.¥ treated radiation-induced
ulcers in rats with fresh Aloe pulp and observed an in-
creased rate of healing. Although an ointment made
from dried Aloe powder was not effective, a decom-
posed form produced beneficial results. In 1943, Aloe
was shown to be successful in the treatment of thermal
second-degree burns and radium burns.*® One study,
which was not a double-blind study, incorporated a
control using 50% fresh Aloe vera leaves in petrolatum
to treat abrasions of the fingers. The wounds treated
with the Aloe reportedly healed better than those
treated with a petrolatum base.*!

Lushbaugh and Hale*? studied beta irradiation-in-
duced ulcers in rabbits and the histopathologic effects
of Aloe vera therapy. There was no vehicle control.
Aloe vera juice in aquaphor was more effective than
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whole-leaf Aloe. Although the treated sites had necrosis
before the untreated sites, the treated sites healed more
rapidly. This was hypothesized to occur by increasing
the rate of degeneration and repair. There was also an
increase in the collagen deposition of the treated
wounds. -

The manner in which Aloe could expedite the heal-
ing of skin ulcers may be related to its occlusive proper-
ties. Blitz et al.*? suggest that Aloe vera may function as
a protective barrier. Vehicle control was not used in a
study where a greater percentage of frostbite injuries
healed if Aloe vera was applied to the wounds.* Based
on a controlled, non-blind study of frostbite injuries in
rabbit ears, Raine et al.** noted that tissue survival was
increased when the wounds were treated with Aloe vera
cream. Similar results were obtained in a study by
McCauley et al.,* but no control group was included.

Increased capillary perfusion has been observed
after application of Aloe vera to skin,**® which may
explain how Aloe could help heal chronic ulcers. Both
thromboxane A,s and thromboxane B,, along with
PGF, alpha,* have been shown to be decreased as a
result of Aloe therapy. Zawahry et al.*® included ste-
roids as a component of Aloe vera gel. This explains the
decreased amount of prostaglandins. The full-thickness
thermal burns of Guinea pigs healed better with Aloe
vera gel than with silver sulfadiazine,* but no vehicle
control was used in this study. Conflicting evidence is
offered by Kaufman et al.>' who thought that Aloe hin-
dered the healing process.

A controlled, in vivo study used rats in which both
a primary inflammatory and a secondary immunologi-
cally induced arthritis were the parameters measured.'*
Aloe africana, the species studied, significantly de-
creased inflammation and prevented arthritis. Whereas
Davis et al.*>2 noted that the wounds of rats healed more
rapidly when anthraquinone-free Aloe vera was ap-
plied, an additional adjuvant arthritis study>* showed
that the anthraquinone complex had the greatest pre-
ventative antiarthritic activity and good healing proper-
ties.

Aloe vera improved re-epithelialization in full-
thickness wounds, but to an insignificant extent.>* A
marked increase in the rate of partial-thickness wound
re-epithelialization was noted in a controlled study us-
ing a commercially prepared Aloe product.®®

Davis et al.*® mention that the Food and Drug Ad-

ministration has approved Aloe vera for the treatment .

of inflammation; however, the dosage is questionable.
Aloe vera has been approved by the Food and Drug
Administration as a flavoring substance in food.*’
Gottlieb? states that a 70% concentration of Aloe is re-
quired for healing and anti-inflammatory effects.
There are few reports of adverse reactions caused
by topical application of Aloe vera; however, this may

represent under-reporting. Aloe arborescens was the
cause of contact dermatitis in two reports.’*** Wide-
spread dermatitis was noted after aloe vera was applied
to stasis dermatitis.®® An acute bullous allergic reaction
and contact urticaria have been reported to result from
the use of Aloe vera.5! One patient experienced a ca-
thartic effect from the topical use of Aloe vera on the
mucosal surface?s; in this study two cases of “allergic”
erythema resulted from the treatment.

Conclusions

An excellent topical medication would be a welcome
addition to our armament of topical anti-inflammatory
agents. Several studies investigating the components of
Aloe vera have had conflicting results. Therefore, there
is a need for a definitive study to eliminate the discrep-
ancies. The component of Aloe vera that is most respon-
sible for its effects must be identified. In vitro antimi-
crobial effects often do not correlate well with in vivo
results; better designed clinical studies that incorporate
vehicle controls are necessary.

Stabilization has been a major problem in the past
for pharmaceutical companies. Different investigations
should study the same species of Aloe and use the same
prepared form; otherwise, these variables will create
confusion when results are interpreted.

References

1. Coats BC, Ahola R. Aloe Vera the Silent Healer. A Modern
Study of Aloe Vera. Dallas: Bill C. Coats, 1979:1-288.

2. Cole HN, Chen KK. Aloe vera in oriental dermatology. Arch
Dermatol Syphilol. 1943;47:250.

3. Gottlieb K. Aloe Vera Heals. The Scientific Facts. Denver, CO:
Royal Publications, 1980:1-31.

4, Klein AD, Penneys N. Aloe vera. J] Am Acad Dermatol
1988;18:714-720.

5. Reynolds JEF, ed. Martindale—The Extra Pharmacopeia. Lon-
don: The Pharmaceutical Press, 1989:1074-1075.

6. Budavari S, ed. The Merck Index. An Encyclopedia of Chemi-
cals, Drugs, and Biologicals. Rahway, NJ: Merck and Co.,
1989:51.

7. Tyler VE, Brady LR, Robbers JE. Pharmacognosy. Philadelphia:
Lea and Febiger, 1976:81-83.

8. Grindlay D, Reynolds T. The aloe vera phenomenon: A review
of the properties and modern uses of the leaf parenchyma gel. J
Ethnopharmacol. 1986;16:117-151.

9. Morton JF. Folk uses and commercial exploitation of aloe leaf
pulp. Econ Bot, 1961;115:311-319.

10. Flagg J. Aloe vera gel in dermatological preparations. Am Per-
fum Cosmet. 1959;74:27-29.

i1. Durand M, Paris R. Les aloes: II. Etude chromatographique des
derives anthraceniques de divers aloes frais. Ann Pharm Fr.
1960;18:846-852.

12. Gjerstad G. Chemical studies of aloe vera juice: I. Amino acid
analysis. Adv Front Pl Sci. 1971;28:311-315.

13. Rowe TD, Parks LM. A phytochemical study of aloe vera leaf. J
Am Pharm Assoc. 1941;30:262-265.



No. 10 Aloe Vera ¢ Shelton 683

14. Robson MC, Heggers JP, Hagstrom WJ. Myth, magic, witchcraft 38. Crewe JE. Aloes in the treatment of burns and scalds. Minn Med.
or fact? Aloe vera revisited. J Burn Care Rehabil. 1982;3:157- 1939;2:538-539.

162. 39. Rowe TD, Lovell BK, Parks LM. Further observations on the

15. Danhof IE, McAnally BH. Stabilized aloe vera: Effect on human use of aloe vera leaf in the treatment of third degree x-ray reac-
skin cells. Drug Cosmet Ind. 1983;133:52-106. tions. J Am Pharm Assoc. 1941;30:265-269.

16. Davis RH, Maro NP. Aloe vera and gibberellin: Antiinflamma- 40. Tchou MT. Aloe vera (jelly leeks). Arch Dermatol Syphilol.
tory activity in diabetes. J Am Podiatr Med Assoc. 1989;79:24— 1943;47:249.

26. 41, Barnes TC. The healing action of extracts of aloe vera leaf on

17. Benigni R. Substances with antibiotic action contained in abrasions of human skin. Am J Bot. 1947;34:597.
anthraquinonic drugs. Chem Ab. 1950;44:11036. 42, Lushbaugh CC, Hale DB. Experimental acute radiodermatitis

18. Hanley DC, Solomon WAB, Saffran B, et al. The evaluation of following beta irradiation: V. Histopathological study of the
natural substances in the treatment of adjuvant arthritis. J Am mode of action of therapy with aloe vera. Cancer. 1953;6:690-
Podiatr Med Assoc. 1982;72:275-284. 697.

19. Fujita K, Teradaira R. Bradykininase activity of aloe extract. 43. Blitz J, Smith JW, Gerard JR. Aloe vera gel in peptic ulcer ther-
Biochem Pharmacol. 1976;25:205. apy: Preliminary report. J Am Osteopath Assoc. 1963;63:731-

20. Fujita K, Shasike I, Teradaira R, et al. Properties of a carboxy- 73s.
peptidase from aioe. Biochem Pharmacol. 1579;28:126:-1262. 44, Sjostrom B, Weatherly-White RCA, Paton BC. Experimental

21. Cera LM, Heggers JP, Robson MC, et al. The therapeutic effi- studies in cold injury. J Surg Res. 1964;4:12-16.
cacy of aloe vera cream (dermaide aloe) in thermal injuries: Two 45. Raine TJ, London MD, Goluch K, et al. Antiprostaglandins and
case reports. J] Am Anim Hosp Assoc. 1980;16:768-772. antithromboxanes for treatment of frostbite. Surg Forum.

22. Cera LM, Heggers JP, Hagstrom W), et al. Therapeutic protocol 1980;31:557-559.
for thermally injured animals and its successful use in an exten- 46. McCauley RL, Hing DN, Robson MC, et al. Frostbite injuries: A
sively burned rhesus monkey. J Am Anim Hosp Assoc. rational approach based on the pathophysiology. J Trauma.
1982;18:633-638. 1983;23:143-147.

23. Davis RH, Rosenthal KY, Cesario LR, et al. Processed aloe vera 47. Zawacki BE. Reversal of capillary stasis and prevention of burns.
administered topically inhibits inflammation. J Am Podiatr Med Ann Surg. 1974;180:98-102.

Assoc. 1989;79:395-397. 48. Zawahry ME, Hegazy MR, Helal M. Use of aloe in treating leg

24. Davis RH, Leitner MG, Russo JM, et al. Antiinflammatory activ- ulcers and dermatoses. Int J Dermatol. 1973;12:68-73.
ity of aloe vera against a spectrum of irritants. J Am Podiatr Med 49. Heggers JP, Loy G, Robson MC. Histological demonstration of
Assoc. 1989;79:263-276. prostaglandins and thromboxanes in burned tissue. J Surg Res.

25. Winters WD, Benavides R, Clouse W)J. Effects of aloe extracts on 1979;28:110-117.
human normal and tumor cells in vitro. Econ Bot. 1981;35:89~ 50. Rodriguez-Bigas M, Cruz NI, Suarez A. Comparative evaluation
95. of aloe vera in the management of burn wounds in guinea pigs.

26. Penneys NS. Inhibition of arachidonic acid oxidation in vitro by Plast Reconstr Surg. 1988;81:386~389.
vehicle components. Acta Derm Venereol. 1982;62:59-61. 51. Kaufman T, Kalderon N, Ullman Y, et al. Aloe vera gel hindered

27. Ashley FL, O’Loughlin BJ, Peterson R, et al. The use of aloe vera wound healing of experimental second-degree burns: A quantita-
in the treatment of thermal and irradiation burns in laboratory tive controlled study. J Burn Care Rehabil. 1988;9:156.
animals and humans. Plast Reconstr Surg. 1957;20:383-396. 52. Davis RH, Kabbani JM, Marno NP. Wound healing and antiin-

28. Kupchan SM, Karim A. Tumor inhibitors: 114. Aloe emodin. flammatory activity of aloe vera. Proc Pa Acad Sci. 1986;60:79.
Antileukemic principle isolated from rhamnus frangula 1. Lloy- 53. Davis RH, Agnew PS, Shapiro E. Antiarthritic activity of antha-
dia. 1976;39:223-224, quinones found in aloe for podiatric medicine. J Am Podiatr

29. Gottshall RY, Jennings JC, Weller LE, et al. Antibacterial sub- Med Assoc. 1986;76:61-62.
stances in seed plants active against tubercle bacilli. Am Rev 54. Watcher MA, Wheeland RG. The role of topical agents in the
Tuberc. 1950;62:475-480. healing of full-thickness wounds. J Dermatol Surg Oncol.

30. Bruce WG, Investigations of antibacterial activity in the aloe. S 1989;15:1188-1195.

Afr Med J. 1967;41:984. 55. Fulton JE. The stimulation of post dermabrasion wound healing

31. Lorenzetti LJ, Salisbury R, Beal JL, et al. Bacteriostatic property with stabilized aloe vera gel-polyethylene oxide dressing. J Der-
of aloe vera. J Pharm Sci. 1964;53:1287. matol Surg Oncol. 1990;16:460-467.

32. Zimmerman ER, Simms R. Antibacterial and Antifungal In-vi- 56. Davis RH, Leitner MG, Russo JM. Topical antiinflammatory
tro Properties of Aloe Vera. Dallas, TX: Baylor University Col- activity of aloe vera as measured by ear swelling. ] Am Podiatr
lege of Dentistry, Microbiology Laboratory, March 1969 (un- Med Assoc. 1987;77:610-612.
published data on file). 57. Heeth A. The overselling of aloe vera. FDA Consum. 1981;

33. Collins CE, Collins C. Roentgen dermatitis treated with fresh 15:27-29.
whole leaf of aloe vera. Am J Roentgenol. 1935;33:396. 58. Shoji A. Contact dermatitis to aloe arborescens. Contact Derma-

34. Wright CS. Aloe vera in treatment of roentgen uicers and telan- titis. 1982;8:164-167.
giectasis. JAMA. 1936;106:1363-1364. 59. Nakamura T, Kotajima S. Contact dermatitis from aloe arbo-

35. Loveman AB. Leaf of aloe vera in treatment of roentgen ray rescens. Contact Dermatitis. 1984;11:51.
ulcers. Arch Dermatol Syphilol. 1937;36:838-843. 60. Hogan DJ. Widespread dermatitis after topical treatment of

36. Crewe JE. The external use of aloes. Minn Med. 1937:20:670- chronic leg ulcers and stasis dermatitis. Can Med Assoc J.
673. 1988;138:336-338.

37. Mandeville FB. Aloe vera in the treatment of radiation ulcers of 61. Morrow DM, Rappaport MJ, Strick RA. Hypersensitivity to

mucous membranes. Radiology. 1939;32:598-599.

aloe. Arch Dermatol. 1980;116:1064-1065.



