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Avocado and soybean unsaponifiables (ASU) constitute vegetable extracts made from fruits and seeds of avocado
and soybean oil. Characterized by its potent anti-inflammatory effects, this ASU mixture is recommended to act as
an adjuvant treatment for osteoarthritic pain and slow-acting symptomatic treatment of hip and knee osteoarthritis;
autoimmune diseases; diffuse scleroderma and scleroderma-like states (e.g., morphea, sclerodactyly, scleroderma
in bands). Besides, it can improve the mood and quality of life of postmenopausal women in reducing menopause-

related symptoms.
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1. Avocado-Soybean Unsaponifiables: Extraction, Analysis
and Chemical Compounds

1.1. Extraction and Analysis of ASU

Edible oils and fats have been used for a long time. From the lipid soap production, it was clear that some lipids
escaped from the chemical saponification process. According to this observation, natural oils and fats are
characterized by the unsaponifiable fraction . In fact, lipids present in animal or vegetable have a remarkable
variety of physical forms, and can be present as aggregates, or they can be associated with proteins and

carbohydrates, e.g., the biological membranes.

1.1.1. Extraction Methods of ASU

ASU is prepared in two steps: (i) obtain the avocado and soybean crude oils by cold pressing through mechanical
procedures at temperatures below 50 °C; (ii) extraction of unsaponifiable lipids: molecular distillation of crude
avocado and soybean oil, saponification, extraction, purification.The extraction methods normally used when lipids
subjected to further characterization of the fat which called cold methods.Since the extraction conditions of these
methods limit the oxidative processes of the lipidic fractionas much as possible, allowing one to preserve the
original composition 2. These methods are generally based on the use of a binary mixture of solvents, such as

chloroform/methanol B4l dichloromethane/methanol, or hexane/isopropanol &,

Molecular distillation is a method of separating the unsaponifiable substances from the crude avocado oilat low

pressures. It is based on the intensification of the four elementary processes—the diffusion of components through
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liquid, the vaporization ofthe surface of the liquid, vapor transport to the condensation surface, and condensation
on the surface of the capacitor. Separation by molecular distillation is useful for the purification and concentration of
unsaponifiable, low-vapor pressure thermoset substances. This method is applied when the conventional
distillation methods lead to the thermal degradation of the products or if the vapor pressure of the components
separately is verylow that separation at atmospheric pressure or at medium vacuum would require extremely high

temperatures.

Consequently, at the end of the saponification process of vegetable oils by extraction with an organic solvent, an

unsaponifiable fraction could beobtained.

1.1.2. Analysis Methods of ASU

The extracted lipids then can be further fractionated by means of chromatographic techniques, such as thin layer
chromatography (TLC), gas-liquid chromatography (GLC), and high-performance liquid chromatography (HPLC).
In reality, chromatographic techniques can be combined with sophisticated analytical techniques, such as mass
spectrometry (MS). In addition, nuclear magnetic resonance (NMR) is becoming routine for the study of the lipid

fraction in biological matrices.

1.2. Chemical Composition of Avocado-Soybean Unsaponifiables

Typically, from this extraction process, a complex mixture of compounds is obtained, the main classes are
tocopherols and tocotrienols, phytosterols, carotenes, chlorophylls and a mixture of other unsaponifiable

compounds &,

1.2.1. Tocopherols and Tocotrienols

Tocopherols and tocotrienols have a-, -, y-, and d-isomers that differ in number and position of the methyl groups
in the chromane ring and constitute a series of benzopyranols that present in plants and photosynthetic organisms.
The synthesis starts from homogentisic acid with a complex series of reactions [8. Taken together, these two
groups of molecules are called tocochromanols. Tocotrienols have an unsaturated farnesyl isoprenoid tail with
three trans double bonds, whereas tocopherols have a saturated phytyl tail (Table 1). Tocochromanols are often
found in chloroplasts and, collectively, they have been termed vitamin E (the individual tocopherols are properly
called ‘vitamers’) though only a-tocopherol has this designation, because of its biological activity and presence in
the human body [,

Table 1. Chemical structure of tocopherols and tocotrienols. Tocopherols have a saturated phytyl tail.

Form R1 R2 R3
o-Tocopherol CH; CHj CH;
[-Tocopherol CH; CHj H
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y-Tocopherol H CHj CH;
o-Tocopherol H CH3 H
R2

R3
Basic structure of
tocotrienols

HO
R1
Form R1 R2 R3
a-Tocotrienol CHs CH3 CH3
B-Tocotrienol CHs H CHs
y-Tocotrienol H CHg3 CHs effects of
8 9] 101 interest in
o-Tocotrienol H H _
uﬁ @ dies have

shown that tocotrienols are useful in the treatment of high cholesterol levels due to their ability to inhibit the key
enzyme of cholesterol biosynthesis, HMG-CoA reductase 28l The tocotrienols also show excellent antioxidant
properties thanks to their lateral unsaturated tail, which allows easier access to the lipid bilayer of biological
membranes 24 Moreover, the anti-cancer 2! and neuroprotective 22 properties of tocotrienols have also been

documented.

1.2.2. Phytosterols

Phytosterols are bioactive sterols present in vegetables, especially in natural oils, nuts and cereals, and are
structurally similar to sterols from animal sources. Compared to cholesterol, they have an additional methyl or ethyl
group in their side chain. The absorption of dietary plant sterols in humans is low compared to cholesterol 181 All
phytosterols, some of which are depicted in Figure 1, have a hydroxyl group at the 3-position. In oils, the sterol
hydroxyl group is not linked to any other moiety, but phytosterols are usually present as conjugates with the
hydroxyl group covalently bound via an ester bond to a fatty acid. When the double bond in the sterols is saturated,

the resulting compounds are termed stanols 7],
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Campesterol

Figure 1. Chemical structure of the three most representative phytosterols in vegetable oils.

Phytosterols are amphiphilic and important constituents of all membranes, especially the plasma membrane,
mitochondrial outer membrane and endoplasmic reticulum. They can regulate membrane fluidity and permeability
in plasma membranes by restricting the mobility of fatty acyl chains in a similar manner to cholesterol in
mammalian cells (28, Phytosterols present in diet are well-known for their inhibitory effects on intestinal cholesterol
absorption and in decreased LDL-cholesterol levels 19, Furthermore, evidence is accumulating that these
compounds have effects beyond cholesterol-lowering effects. Recently, Plat et al. (2019) reviewed the possible
side effects in the field of immunology, hepatology, gastroenterology and rheumatology arising from the increasing
consumption of foods rich in plant sterols and stanols 2%, The emerging scenario is that, along with multiple
positive health effects, an excessive intake of phytosterols and phytostanols requires further investigation to
understand the complete health effects of plant sterols and stanols in both healthy individuals as well as in

individuals suffering from specific diseases.

1.2.3. Carotenes, Chlorophylls, and Other Unsaponifiable Compounds

The main pigments found in vegetable oils are carotenoids and chlorophylls [21l. Carotenoids cover a wide range of
functions in human health 22, They primarily exert antioxidant effects, but individual carotenoids (a- and B-
carotene, lutein, zeaxanthin, lycopene) may also act through other mechanisms as in eye function 23, There is

evidence that carotenoids could improve cognitive function, skin-UV protection, and even may prevent some types
of cancer [241(23],

Chlorophyll is an ester of chlorophyllic acid and phytol alcohol 28, |t occurs in several distinct forms; chlorophylls a
and b are the major types typical of higher plants and green algae; chlorophylls ¢ and d are found in different algae.

Bacterio-chlorophyll occurs in certain bacteria [27. The chlorophyll molecule consists of a central magnesium ion
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surrounded by a nitrogen-containing structure, a porphyrin ring; attached to the ring is the phytol chain. The

variations are due to minor modifications of certain side groups 28!,

It has long been debated whether chlorophylls, and their natural or synthetic derivatives, could be absorbable by
humans, despite the fact that their consumption has been documented for a long time in traditional medicine 22129
81 However, recent research has confirmed that chlorophyll derivatives are absorbable by the human intestine 22,
The biological activities attributed to chlorophylls are various. Particularly interesting are those consistent with
cancer prevention, such as antioxidant and antimutagenic effects, mutagen trapping, modulation of xenobiotic

metabolism, and induction of apoptosis (23],

A miscellany of other compounds, extractable in organic solvents, can be found in the unsaponifiable fraction of
numerous plants and their composition varies according to the plant being considered. It is necessary to consider
that among these compounds, present in vegetable oils, hydrocarbons may also be present since they do not
saponify. For example, squalene is present in some vegetable oils, where it can also represent 50% of the

unsaponifiable fraction, such as in olive oil.

1.2.4. Main Components of ASU

An ASU fraction is obtained by the purification and fractionation of the respective oils B4, The quantity and
composition of extractable lipids depend on various factors, including the botanic cultivar, harvesting time, and the

growth condition of the plant.

At 20 °C, ASU looks like an oily and thick paste, insoluble in water. Studies performed on these vegetable oils
showed that unsaponifiables differ in the content of total unsaponifiables and, also, in their relative abundance 53,
Avocado oils contain more unsaponifiables than soybean oils (4.8%-12.2 % from the fruit flesh oils), whereas
unsaponifiables account for over 50% of the oils from the avocado kernel. Total sterols were also more represented
in avocados (3770-10720 ug/g oil) than in soybeans (on average 3600 ug/g oil). Concerning the sterol composition
of avocado oils, B-sitosterol was the dominant one (ca. 90 %), with a limited amount of campesterol and
stigmasterol. The sterol fraction of soybean oil had about 50% p-sitosterol and the remaining 50% was almost
equally divided between campesterol and stigmasterol 28, The tocopherol content was at least ten times higher in
soybean oils (1130-1450 ug/g oil) than the content of both avocado flesh and kernel oil. Soybean tocopherols were
rich in y-tocopherol (>66 %), whereas &-tocopherol was >21% and a-tocopherol was 11%. Interestingly, o-

tocopherol accounted for 100% of the total tocopherols in avocado oils 738l

Dijkstra (2016) reported the absence of tocotrienols in soybean oil 231, Tocopherols were found in soybean oil, by
means of a simultaneous analytical method HPLC-DAD-FLD based, and also confirmed the absence of
tocotrienols B9, The unsaponifiable fraction of avocado contains tocotrienols, but in very low amounts. A study
aimed at determining the tocochromanol content in raw and processed fruits and vegetables revealed the presence
of tocotrienols in quantities of about 1% of the total tocochromanols, only in some avocado cultivars 9,

Tocotrienols have been shown to possess higher antioxidant and anti-inflammatory effects than a-tocopherol (11,
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The presence of total sterols can also vary depending on the different growth conditions and the variety
considered. De Souza et al. (2015) extracted by centrifugation the most cultivated avocado varieties in Brazilian
territories and compared them to a commercial product. The Margarida and Hass varieties showed a phytosterol
content that reached almost 100 mg/100 mL of oil 2. Such a high amount of phytosterols makes ASU an

important vehicle for bioactive natural compounds for human health.

The content of the various lipid classes of the unsaponifiable fraction mainly depends on plant variety, and on the
purification and fractionation process adopted. However, although the ASU is chemically well characterized, it is not
possible to exclude the fact that a part of its therapeutic action may be mediated by unidentified factors. Therefore,

it is preferable to use the unsaponifiable fraction “in toto”, which, in this way, can preserve the glycosylated fraction
142,

| 2. Avocado-Soybean Unsaponifiables for Medical Purposes
2.1. Autoimmune Disorders

The human immune system is known to protect the body against the foreign invaders that basically exert a wide
variety of deleterious effects (43, Sometimes the optimal functioning mechanism of the immune system is said to
act as a ‘double-edged sword’, either by healing the physiological state or by damaging it. The act of immune
dysfunction acting against its own normal components of the body results in autoimmune disorders 4. Many
pieces of conclusive experimental evidence have suggested that they result from the interaction between various

genetic and environmental factors, and even the distinct functioning of the endocrine system 2!,

The known etiology of these autoimmune dysfunctions is associated with the overproduction and up-regulation of
several pro-inflammatory substrates, such as interleukin 1p (IL-1f), a stimulant cytokine which further stimulates
the synthesis of other pro-inflammatory cytokines, such as interleukin-6 (IL-6), interleukin-8 (IL-8), macrophage
inflammatory protein (MIP), and reactive oxygen species (ROS), such as NO-, O,~, H,0, 48], Other components
that lead to this immune disorder include tumor necrosis factor-o (TNF-a) and -3 (TNF-B), prostaglandin E-2 (PGE-
2), inducible nitric oxide synthase (iNOS), metalloproteinases, including collagenases (MMP-1, 8, 13),
aggrecanases (ADAM-TS4), stromelysin-1 (MMP-3), and gelatinases (MMP-2) [471[48],

Scleroderma is a rare autoimmune disorder, in which skin and connective tissue gets thickened due to too much
collagen production. In scleroderma, the collagen content of the skin increases while the number of adipocytes

decreases.

ASU was suggested by Jablonska et al. as being an effective agent in the treatment of scleroderma by increasing
the collagen solubility and reducing cutaneous fibrosis. A larger cohort study is needed to investigate the effect of

ASU in the treatment of scleroderma 42,
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The ASU effect on autoimmune disorders seems to be an unexplored subject. However, considering the soybean
content of ASU, it is worth mentioning the effects of soy on many immune disorders. A crossover randomized
clinical trial was performed with 14 diabetic patients and reported that soy protein inclusion in the diet was
beneficiary to the serum lipid profile and renal function. This effect was attributed to the isoflavones in soy protein
(391 Another study conducted on eight people reported that consuming soy protein as half of the daily protein intake
did not show any significant effects on renal function or proteinuria. However, the study reported a significant
association between soy protein intake and reduction in serum cholesterol and triacylglycerol concentrations B4, |t
should be noted that there is some conflict regarding the effects of phytoestrogens of soy on immune disorders. A
mouse model study on lupus disease reported that a soy diet compared to a casein diet worsened the clinical
course of lupus 52,

ASU could also be useful to treat inflammatory bowel disease. The supplementation of soy isoflavones to neonates
and piglets was also suggested to reduce the intestinal barrier damages of lipopolysaccharide B3I, A study using a
pig model of intestinal inflammation tested the effect of soy-derived di- and tripeptides and reported the anti-

inflammatory effects of these peptides in vivo B4,

2.2. Menopause

Menopause is described as the end of menstruating and is a normal condition that all women experience when
they age 2. In the initial days/years of menopause, the associated symptoms include hot flashes, vaginal dryness,
and rapid bone loss as a result of osteoporosis and sleep disturbances 8. Hormone replacement therapy (HRT)
has been used as the most common therapy to get relief from menopausal dysfunction. But again, it comes with
possible fallouts, such as breast or endometrial cancer, irregular bleeding, thromboembolic events, mastalgia,
nausea, weight gain, migraine, among other issues. Presently, HRT is forbidden for women currently undergoing or
who have a history of breast cancer, coronary heart disease (CHD), venous thromboembolic events or stroke, liver

disease, mysterious vaginal bleeding, high-risk endometrial cancer, or transient ischemic attack 27,

In the light of these aspects, the use of other alternative therapies, possibly through the use of herbal formulations,
is recommended. Recently, herbal remedies, particularly the ones inheriting phytoestrogens values, are in great
demand for the treatment of such climacteric symptoms. Soy isoflavones and extracts are the preferred
phytoestrogen sources, with estrogen-like properties. Phytoestrogens are the chief constituents of polyphenols,
structurally similar to endogenous estrogen, but having weak estrogenic properties as compared to endogenous
ones 58 Keeping this in mind, soybean rich in unique dietary phytoestrogens (i.e., isoflavones daidzein, genistin,
and glycetin) has gained considerable importance; apart from this, gabapentin, clonidine, selective serotonin
reuptake inhibitors (SSRI's), black cohosh, and vitamin E are other alternatives used for conventional HRT (28],
These phytoestrogens are reported to have selective estrogen receptor modulators preferential for estrogen
receptor-beta (ER-B) rather than for estrogen receptor-alpha (ER-a). As a result, when these phytoestrogens
bound to ER-B trigger an effective transcriptional activity, either the response can be an agonist response or

antagonist, depending on the compound (stimulus) and the site of action (target tissue) B2,
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ASU is an herbal medicine derived from avocado and soy which is used to relieve hot flashes in menopausal
women B9, |t is known that ASU has a potent phytoestrogenic value and exerts significant positive effects in
reducing menopausal-related symptoms, such as hot flashes, besides being able to improve mood and quality of
life in postmenopausal women 1],

However, there are conflicts regarding the effect of soybean on climacteric symptoms of menopause. Some
authors have suggested positive effects 82, while others did not report any significant effect B384 A study
investigating the association between dietary fiber intake and serum estrogen levels also studied ASU intake. The
study suggested that ASU is related to higher serum estrogen levels, but the source of the effect needs to be
explored [63],

An open label randomized study included 49 women and tested the ability of ASU to relieve menopausal
symptoms. The women were divided into two groups; one group received 1 mg ASU daily and another group were
treated with HRT (0.625 mg conjugated estrogen and 2.5 mg medroxyprogesterone acetate tablets). The visual
analog scale (VAS) was used to determine the intensity of hot flashes, and the climacteric symptom was
determined by the Greene Climacteric Scale (GCS) and Blatt—Kupperman Menopausal Index (BKMI). No
significant differences were stated in the hot flash severity decrease for the ASU and HRT groups (GCS; p = 0.571
and BMKI; p = 0.891) 89, Thus, studies investigating the effect of ASU vs HRT are limited, but they report similar

symptom relief effects. Concerning the HRT side effects, ASU seems a feasible alternative to HRT.

2.3. Other Pharmacotherapeutic Uses of ASU

There are studies that highlighted other beneficial effects of ASU on different medical situations, such as chronic
dorsalgia 88, gingival inflammation, periodontitis 82 or back pain 8. Other health benefits include its ability to

decrease the risk of osteoporosis, heart disease, and breast cancer 62,

ASU was also studied for its effect in wound healing. A rat model study investigated the effect of ASU on rat wound
healing by randomly dividing rats into three subgroups (20 rats each). Each rat in the control (saline), vehicle
(cream) and treatment (cream plus ASU) groups were wounded on the dorsum (2x2 cm? wound) and the wounds
were screened daily. The study found that treatment (cream plus ASU) produced a significantly higher level of
tissue glycosaminoglycan and collagen contents compared to controls. It was also reported that the treatment had
a modulating effect on inflammation, improved fibroplasia and provided higher amounts of scar tissue; so, it was

concluded that ASU is a promising agent in wound healing 9,
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