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Abstract: Avocado seed contains 64% of the phenolic compounds of the whole fruit. This makes
avocado seed a potential candidate for the development of treatments for different illnesses, including
obesity (the major risk factor for metabolic disorders). The aim of this study was to investigate the
effects of avocado seed powder on high-fat diet-induced obesity in rats. Sprague Dawley rats (16 rats)
were fed a high-fat diet for 10 weeks. After 10 weeks, the rats were assigned into two groups of eight
animals each and were fed either a high-fat diet (HFD; control group) or a high-fat diet containing
avocado seed powder (HFD-A; treatment group) for 6 weeks. Animals were weighed weekly, and
weekly weight gain was determined. Animals in the treatment (avocado seed) group showed
significantly lower body weight gain (7.8 ± 9.63 g) than animals in the control group (33.9 ± 10.84 g)
at the end of this study. The treatment group presented with lower triglycerides than the control,
with LDL and HDL comparable to the control group. Avocado seed powder showed potential to
reduce obesity in rats fed a high-fat diet. Avocado seed can therefore be investigated further as a
potential anti-obesity nutraceutical.

Keywords: Persea americana; avocado seed; high-fat diet; obesity reversal; anti-obesity; weight gain;
weight loss

1. Introduction

Obesity may lead to metabolic syndrome, a cluster of metabolic disorders that includes
insulin resistance, hyperglycemia, dyslipidemia and hypertension [1]. There is an increased
risk of developing type 2 diabetes, cardiovascular diseases [2] and certain cancers [3] in
obese individuals. The aforementioned diseases are major contributors to the increased
morbidity and premature mortality recorded worldwide [4]. According to the World Health
Organization (WHO), more than 1 billion people were obese worldwide in 2022 and the
prevalence of obesity will continue to rise [5]. Urgent interventions are therefore needed
to combat obesity and related disorders. Among the interventions against obesity and
its co-morbidities, is the use of anti-obesity agents and nutraceuticals. Plant materials
are potential sources of therapeutic agents and nutraceuticals. They contain abundant
bioactive compounds that play major roles in the prevention and treatment of diseases [6].
In addition to their nutritive value, nutraceuticals possess medicinal properties and have
been used in the management of different diseases such as cancers, arthritis and metabolic
disorders [7]. Different nutraceuticals possessing anti-obesity effects have been reported [8].
With increasing interest towards the use of functional foods for disease management,
avocado fruit and seed are potential leads to the discovery of anti-obesity nutraceuticals.

Avocado (Persea americana Mill) has been reported to possess medicinal properties [9–11].
It is from the Lauraceae family, and it is cultivated in tropical and sub-tropical areas in
Mexico, Brazil, India and South Africa [12]. Avocado fruit has an olive-green peel with a
smooth, fatty, thick and almost creamy-textured pulp. Avocado seed makes up 13% of the
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fruit and contains 64% of the phenolic compounds contributing to 57% of the antioxidant
activity of the whole fruit [13]. The seed contains higher antioxidant activity, and higher
procyanidin content than the pulp [14].

Phytochemicals found in avocado seed include flavonoids, alkaloids, saponins, glyco-
sides and tannins [15–17]. The phenolic compounds in avocado seed include protocatechuic
acid, kaempferide, vanillic acid, chlorogenic acid, syringic acid, rutin and kaempferol [13].
Phenolic compounds reduce adipogenesis, inhibit digestive enzymes and possess anti-
inflammatory and antioxidant effects [18,19]. These properties play a major role in obe-
sity management. The seed also contains nutrients such as carbohydrates, proteins and
fats [16,20] and minerals such as magnesium, potassium, sodium, zinc and chromium, in
addition to vitamin C [12,16,21]. These trace elements affect different pathways of glucose
and lipid metabolism [22].

Avocado seed extracts have been found to have anti-hypertensive properties, lower
total cholesterol levels and possess hypoglycemic activities [12,15,23]. Even though the
seeds contain beneficial phytochemicals, they are usually disposed during processing and
consumption, thus contributing to environmental waste. The use of avocado seed may
contribute towards the management of obesity and its comorbidities, while also reducing
organic waste burden. This study therefore aimed to investigate the obesity prevention
effects of avocado seed powder on obesity induced by a high-fat diet in rats.

2. Materials and Methods

Hass avocado (Persea americana Mill) fruits were purchased from a local market in
Makhado, Limpopo province, South Africa. Sprague Dawley rats were sourced from South
African Vaccines Producers, Johannesburg, while standard animal pellets were bought
from Epol, South Africa. Palm stearin was obtained from commercial food provider Ingreto
in Johannesburg, South Africa.

2.1. Animal Feed Preparation

The avocado seeds were cut into small pieces with a knife and dried in an oven at
30 ◦C for 72 h. Dried seeds were milled into powder and stored in the fridge at 4 ◦C until
further use. Standard commercial Epol pellets were ground to a powder together with
molasses (constituting 8% of the final feed) as a binding agent. Palm stearin (20% of the total
final feeds) was added to the chow to make a high-fat diet (HFD). Powdered avocado seed
(20% of the total feed) was included in the HFD mix to make a high-fat diet with avocado
seed powder for treatment. The ingredients were all mixed and pelleted using a pelleting
machine. The formulated pellets were HFD and HFD with avocado seeds (HFD-A). The
pellets were spread on an open surface for approximately 1 h to air cool after production.
They were then weighed, packaged in 5 kg plastic bags, sealed, labeled and stored in a
refrigerator (−4 ◦C) until use.

2.1.1. Nutritional Analysis of Food Pellets

Nutritional analysis of the formulated pellets was conducted at the South African
Grain Laboratory (SAGL) using validated methods. The pellets were analyzed for protein
content, fat content, fiber content, moisture content and ashes [24]. Protein content was
determined using an AACC international approved method of analysis (the combustion
method). Fat was extracted from the samples with petroleum ether using Soxhlet extraction
apparatus, based on AACC method 30-25.01. To determine the moisture content, the
feed sample weighing 2 g was dried in an oven at 105 ◦C for 5 h and the dried feed was
reweighed. The moisture content was calculated as the difference in weights.

2.1.2. Elemental Analysis of Food Pellets

Elemental analysis was performed using the method by [25]. The pellets were crushed
into a powder with a mortar and pestle. The powdered samples were acid digested to
decompose the organic and inorganic components of the samples and release the elements
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from the sample matrix [26]. The solutions were then cooled and diluted with distilled
water to make a sample concentration of 33.33 mg/mL. Then, the concentrations of boron
(B), sodium (Na), magnesium (Mg), potassium (K), calcium (Ca), manganese (Mn), iron
(Fe), copper (Cu), molybdenum (Mo), selenium (Se), arsenic (As) and chromium (Cr) were
determined with an inductively coupled plasma-optical emission spectrometer (ICP-OES).
Where readings were above the linear dynamic range, the samples were diluted further.
Standards of the elements were obtained from SMM instruments; Johannesburg, South
Africa (SA), Industrial analytical; Johannesburg, South Africa (SA) and Teknolab Sorbent
AB; Kungsbacka, Sweden, and were used at the concentration of 50 µg/mL.

2.2. In Vivo Assays

Ethical approval to conduct this study was obtained from the Animal Ethics Committee
of the University of Pretoria (V038-15) and the Animal Research Ethics Committee of
Tshwane University of Technology (AREC2015/10/005(2)). This study was conducted
following the South African Medical Research Council’s guidelines on ethics for medical
research (use of animals in research and training [27]), and the South African National
Standard (the care and use of animals for scientific purposes [28]). Other than the researcher,
the animals were under the care of a certified animal technician with indirect supervision
of a veterinarian. The animals were observed for any signs of distress such as behavioral
changes, tremors, salivation, diarrhea, lethargy, sleep, convulsions or coma throughout this
study. At the end of this study, the animals were euthanized under anesthesia.

2.2.1. Animal Model

Eight-to-twelve-week-old male Sprague Dawley rats sourced from South African
Vaccine Producers (Johannesburg; South Africa) were used as animal models in this study.
The rats were kept at the University of Pretoria Biomedical Research Centre in conventional
cages (one rat per cage with sawdust bedding, facial tissues, egg containers, shredded
paper as nesting material, wooden sticks as gnawing material and 15 cm PVC pipe for
hiding). The room was maintained at a temperature of ±22 ◦C, controlled relative humidity
(50–60%) and a light/dark cycle of 12 h [29]. The animals received a high-fat diet (HFD)
to induce obesity for 10 weeks, after which they were randomly assigned to 2 groups of
8 animals per group. Rats in one group (n = 8) continued with a HFD (control group) for
6 more weeks, while the treatment group (n = 8) received a high-fat diet with avocado seed
(HFD-A; treatment group) for 6 weeks. The animals were weighed at the beginning of the
study (week 0), then weekly and the weight for each animal was recorded. The weight gain
for each animal was calculated as the difference between its weekly weight and its weight
at week 0 of the treatment (Equation (1)), while percentage weight gain was calculated
using Equation (2). Food intake was monitored by weighing the amount of food that was
given and the amount that remained after every 48 h to determine food consumption using
Equation (3).

Weekly weigh gain = WweekX − Wweek0 (1)

where W = weight, X = week number and 0 = initial

%weight gain =
Weekly weight gain

Initial weight
× 100 (2)

Daily food intake =
Mass f ood in − Mass o f f ood le f t

2 days
(3)

The animals were euthanized at the end of week 16 (thus, 10 weeks of obesity induction
and 6 weeks of treatment). The animals were sacrificed by cardiac puncture under isoflurane
anesthesia [30]. After the animal was confirmed dead, the kidneys, liver, heart, adipose
tissue and brain were isolated and weighed. Blood samples were collected and sent to the
pathology lab for liver function tests (ALT, AST and ALP) and cholesterol analysis (total
cholesterol, high-density lipoproteins, low-density lipoproteins and triglycerides).
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2.2.2. Histopathology

Histopathology was conducted on 3 randomly selected rat samples from each group
by IDEXX laboratory (Pretoria North, South Africa). Organ specimens were collected and
fixed in 10% buffered formalin. The organs were cut, and the tissues were processed in
an automated histological tissue processor overnight. Histological sections of 5 µm were
cut on a microtome and the resultant slides were stained with hematoxylin and eosin
dyes in an automated histological stainer. The slides were examined, and morphological
findings recorded.

2.3. Phytochemical Analysis

To determine the phytochemicals responsible for the obesity prevention effects of
avocado seed powder observed in this study, avocado seed powder methanol extract was
subjected to analysis by liquid chromatography coupled with mass spectroscopy (LC-MS),
as described before [31].

2.4. Data Analysis

Results were reported as mean ± standard deviation (n = 8). Data collected were
analyzed using Stata software version 14 (StataCorp LLC: College Station, TX, USA).
A generalized least squares (GLS) regression model was used to determine significant
statistical differences between the treatment groups and the control group. This method was
utilized because it improved statistical efficiency and minimized the chances of reporting
erroneous inferences. The results were considered significantly different at p < 0.05.

3. Results
3.1. Nutritional and Elemental Analysis

Results of the nutritional composition of the formulated pellets are shown in Table 1.
Although HFD showed a higher protein than HFD-A, HFD-A showed a higher fat content
than HFD. For elemental composition, a solution obtained from the acid digestion of HFD-A
showed a higher content of Mg, K, Ca, Mn and Fe than a solution from HFD (Table 2).

Table 1. Nutritive value of pellets in %.

Analysis HFD HFD-A

Moisture (%) 9.30 8.10

Protein (%) 16.09 13.70

Ash (%) 5.46 4.82

Fat (%) 19.50 24.50

Fiber (%) 4.60 4.70

Table 2. Elemental content of the solution obtained from acid digestion of the pellets in mg/L.

Trace Elements (mg/L) B Cu Se Mo As Cr Na Mg K Ca Mn Fe

HFD 0.22 0.60 0.23 <−0.17 0.01 <−0.08 34.01 17.08 69.03 42.75 0.52 1.89

HFD-A 0.25 0.34 0.16 <−0.18 0.01 <−0.07 30.26 22.52 >105.0 57.08 0.76 2.52

3.2. In Vivo Study
3.2.1. Animal Food Intake and Effects of Avocado Seed Powder on Animal Weights

The food intake by animals in both groups was comparable, as animals in HFD
consumed an average 22.18 ± 0.66 g/day while animals in HFD-A consumed an average of
28.04 ± 3.11 g/day. The difference in food intake by the treatment group was not significant
(p > 0.05) when compared with food intake by the control group. The weekly weights of the
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animals for the treatment period are presented in Table 3, with weight gain/loss presented
in Figure 1.

Table 3. Weekly weights of the animals across the treatment period (mean ± SD; n = 8).

Week HFD (Control) Group Weight (g) HFD-A (Treatment) Group Weight (g)

0 345.88 ± 9.16 306.75 ± 4.06

1 340.00 ± 11.48 288.38 ± 6.65

2 350.00 ± 11.77 288 ± 6.59

3 355.88 ± 10.37 286.88 ± 7.28

4 362.38 ± 12.93 289.88 ± 9.51

5 363.63 ± 15.84 293.25 ± 9.22

6 379.75 ± 12.67 314.5 ± 9.72
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Figure 1. Weight gain per group during treatment period of this study (error bars represent the
standard deviation of mean (n = 8)).

There was a significant weight loss in the first week of treatment for the animals in
the HFD-A group (Figure 1). The animals in this group did not gain weight until week 3,
after which they showed minimal weight gain compared with the control group (p < 0.05)
until the end of this study. HFD-A gained 7.75 ± 9.63 g, while HFD gained 33.88 ± 10.84
g by the end of this study. Percentage weight gain for animals was 9.81% and 2.53% for
HFD and HFD-A, respectively, by the end of this study. A significant difference in average
animal weights between the two groups was observed throughout this study.

3.2.2. Effects of Avocado Seed Powder on Animal Organ Weight and
Biochemical Parameters

There was no significant difference in the relative heart weight between the two groups
(Figure 2). HFD-A presented with a significantly higher brain weight than the control.
Adipose tissue was significantly lower in HFD-A compared with the control.
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Figure 2. Percentage organ weight relative to the body weight of the animals. * Statistical significance
(p < 0.05) when treatment group is compared with HFD-control.

Regarding biochemical parameters (Table 4), the treatment group showed triglyceride
levels significantly lower (p < 0.05) than that of the control group, with comparable HDL
and LDL. Both groups presented comparable total cholesterol levels. The ALP in HFD-A
group was significantly higher than in the control group.

Table 4. Biochemical parameters of the animals at the end of this study (mean ± SD; n = 8).

Analysis HFD HFD-A

Total cholesterol (mmol/L) 2.38 ± 0.13 2.23 ± 0.32
Triglycerides (mmol/L) 0.49 ± 0.10 0.34 ± 0.05 *

HDL (mmol/L) 0.98 ± 0.05 1.00 ± 0.08
LDL (mmol/L) 0.59 ± 0.08 0.69 ± 0.11

ALT (U/L) 65.75 ± 14.67 70.75 ± 12.93
ALP (U/L) 130.00 ± 22.81 175.88 ± 28.40 *
AST (U/L) 83.63 ± 18.95 74.29 ± 10.13

* Statistical significance (p < 0.05) when HFD-A is compared with HFD.

3.2.3. Post-Mortem Results

All the animals were in good health with no abnormalities detected in both groups.
The livers of some animals in both groups were histologically within normal limits, while
some revealed mild vascular changes with varying distribution patterns in the hepatocyte
cytoplasm. Macroscopic pathology was not detected with all other tissues.

3.3. Phytochemical Analysis

Figure 3 presents LC-MS chromatogram for the avocado seed powder extracts. Further
analysis of peaks 309 and 351 fragments showed the presence of cinnamic acid. Fragments
of peak 371 showed the presence of ferulic acid, neochlorogenic acid and flavone. Peak
702 fragments showed the presence of isoferulic acid-3-O-glucoronide and rothindin. From
the LC-MS chromatograms, it was established that the main constituents of avocado seed
powder extracts were ferulic acid, neochlorogenic acid and flavone.
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4. Discussion

Rats are considered the best models for studying human metabolic syndrome as they
have similar metabolic patterns as humans [32]. The animals maintained their good health
throughout this study and none of them became sick or died from the treatment.

Food intake determines calorie intake, which is one of the risk factors of obesity devel-
opment. High food intake might lead to a higher calorie intake than energy expenditure,
leading to the accumulation of body fat and obesity development. Sprague Dawley rats
have shown the ability to become obese when placed on a HFD [33]. HFD has also been
used to induce obesity in Zucker rats and mice [34–36].

The treatment group gained significantly less weight than the control group in this
study, showing the potential of avocado seed to reduce weight gain. A previous study
showed that avocado fruits (not avocado seed) resulted in drastic weight loss and reduction
in BMI in individuals who received avocados daily for 6 months in an obesity reduction
study [9]. Avocado seed oil may be responsible for the reduction of weight observed
in animals fed with HFD-A (shown by the high crude fat content of HFD-A compared
with HFD). Avocado seed oil is full of monounsaturated fatty acids, beneficial for the
management of obesity and other inflammatory disorders. These fatty acids increase the
secretion of adiponectin and reduce the plasma levels of pro-inflammatory cytokines [37].

Animals in the treatment group showed significantly less adipose tissue when com-
pared with the control in this study. Similar results were previously obtained with Cosmos
caudatus Kunth leaf [32]. Animals on a high-fat diet might present with high-fat deposits
regardless of their weight [38]. Since the accumulation of adipose tissue in obesity is due to
an increase in the number of adipocytes (hyperplasia), which follows increased adipocyte
differentiation and size (hypertrophy), a decrease in adipose tissue mass might be asso-
ciated with a reduction in adipocyte differentiation [35]. This is shown by a decrease in
the mRNA level of differentiation biomarkers such as PPARγ, C/EBPα and adiponectin in
weight reduction [35]. Therefore, avocado seed powder might possibly inhibit one or more
of the processes involved in adipocyte differentiation and proliferation [39].

Trace elements such as zinc, iron, calcium, copper, manganese and selenium, play
a major role in the regulation of metabolic pathways, including lipid regulation [40],
and act as co-factors for enzymes. Disturbances in their homeostasis have been noted
in obesity [41,42] and may lead to oxidative stress, reduction in immunity and increased
expression of inflammatory mediators. Their supplementation to the required concentration
may, therefore, play a role in ameliorating obesity. Avocado seed powder showed the
presence of Fe, K, Ca, Mn and Mg in this study. Talabi et al. (2016) reported avocado seed to
contain calcium, phosphorus, potassium and sodium [20]. While the other study reported
the presence of sodium, potassium, calcium, magnesium, iron, manganese and zinc in
avocado seed [43]. According to Bouglé et al. (2009), trace elements decrease oxidative
and inflammatory stress, thereby preventing obesity and its co-morbidities. Calcium
suppresses 1-α-25-dihydroxycholecalciferol, leading to increased adipocyte differentiation
and lipogenesis from fatty acids and inhibits lipolysis [42]. The role of magnesium and
calcium in obesity modulation has been demonstrated with deep sea water (DSW), for
instance. DSW resulted in weight reduction in mice, decreased levels of adiponectin and
PPARγ and decreased levels of circulating adipogenic proteins in the DSW group compared
with the tap water group and this was attributed to the presence of Mg and Ca [44]. In
addition to regulating insulin production and action, magnesium is a co-factor for different
enzymatic reactions involved in glucose modulation [45].

In this study, HFD-A showed a potential to decrease triglycerides, with LDL, HDL
and total cholesterol comparable to animals fed with HFD. Obesity is associated with
various biochemical abnormalities such as high triglyceride levels and low HDL [46].
High-fat-containing meals increase the level of cholesterol and also alter lipid profiles [47].
Higher levels of cholesterol and triglycerides were previously obtained from rodents on
a HFD (21% fat content of the food) than with the control (5% fat content) [48]. A good
treatment would therefore be able to decrease total cholesterol, triglyceride and LDL while
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increasing the level of HDL. Avocado oil has been found to alleviate non-alcoholic fatty
liver disease, hyperglycemia and dyslipidemia in rats fed with a high-fat/high-fructose diet
by improving mitochondrial function and reducing the levels of reactive oxygen species,
pro-inflammatory factors and lipid peroxidation [10].

Though the mechanism of obesity prevention was not established from this study,
phytochemicals such as apigenin (flavone), hesperetin (flavanone), cyanidin (anthocyanins)
and curcumin (phenolic acid) among others have been found to combat obesity in different
ways [49]. These phytochemicals have been reported to reduce the digestion of fat (prob-
ably through lipase inhibition), hence reduce lipid absorption from the gastro-intestinal
tract, and also effect anti-inflammatory actions [49]. Polyphenols also cause a decrease in
lipogenesis and increase lipolysis [17,39,50,51]. The flavonoids and saponins in avocado are
associated with inhibition in the inflammatory pathways involved in obesity development
and the pathophysiology of its comorbidities [51,52]. These phytochemicals may be respon-
sible for the observed anti-obesity effects of avocado seed powder, as the LC-MS analysis
indicated the presence of cinnamic acid, ferulic acid, neochlorogenic acid, isoferulic acid-
3-O-glucoronide and rothindin in this study. Ferulic acid and chlorogenic acid have been
reported to elicit their anti-obesity effects through the inhibition of pancreatic lipase [53].
As obesity is associated with inflammation, agents with anti-inflammatory effects would
be beneficial. The reduction of inflammatory cytokines has been reported as one of the
mechanisms the phytochemicals follow in obesity management. This mechanism was
reported for cinnamic acid [54], ferulic acid [55] and neochlorogenic acid [56], in preventing
or reversing obesity. It was reported that the anti-obesity activity of ferulic acid was due to
its potential to inhibit inflammatory markers such as tumor necrosis factor-α (TNF-α) and
monocyte chemoattractant protein-1 (MCH-1) [55]. This was also observed in a study by
Tian et al., 2022, where ferulic acid reduced the production of the inflammation cytokines
TLR-4, NF-κB, TNF-α, IL-1β and IL-6 and reduced weight gain in mice fed a high-fat
diet [57]. In addition, ferulic acid reduced leptin levels and increased ghrelin levels in mice
fed with HFD [55].

Avocado seed has been reported to contain catechins, hydroxybenzoic acids, hydrox-
ycinnamic acids, flavonols and procyanidins [13]. Another study showed the presence
of 5-O-caffeoylquinic acid, quercetin 3-O-glucoside, quercetin 3-O-galactoside, quercetin
3-O-rutinoside, quercetin-3,4′-diglucoside and quercetin 3-O-arabinoside [58]. These phy-
tochemicals have been reported to play a significant role in the treatment of obesity and
its co-morbidities [59]. Hence, the potential anti-obesity properties shown by avocado
seed powder in this study may be attributed to these phytochemicals. The phytochemical
composition of plants is affected by genetic, environmental and physical factors [60]. Param-
eters for extraction methods such as temperature, duration of extraction, solvent-to-solid
ratio and storage conditions affect the phytochemical content [61]. These may explain the
differences in the phytochemical composition of the avocado seed from this study and the
other studies.

Although animals in the treatment group showed increased brain weight, both the
post-mortem and histology examination did not confirm injury to any other organ and did
not reveal any lesions due to toxic effects in any of the organs in both groups. As a major
organ of metabolism, the liver is more prone to drug toxicity [62]. Liver injury can increase
the permeability of hepatocytes, as they lose their integrity, accompanied by the leakage of
the enzymes into the bloodstream [63]. The increase in liver enzymes in the blood might
therefore be directly proportional to the extent of the injury. The results of the liver enzymes
showed that the animals on HFD-A had higher ALP than those on HFD. Apart from its
use in hepatic function analysis, ALP is also elevated in bone disease [64]. An increase in
ALP levels of the treatment group may therefore require further investigations. An increase
in ALT and AST levels on animals fed avocado seeds has been reported previously [65].
However, another study found no significant changes in liver enzymes associated with
avocado seed [66]. The changes in liver enzymes might indicate possible liver damage
in this group. However, the histopathology results did not show any detectable liver
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injury or injury to any other organ. The vascularization observed in this study might
be due to microvesicular lipidosis, which has been reported before in mice on HFD [67].
Vascularization might also show hepatocellular damage under oxidative stress [68]. Since
other findings (clinical and anatomical) did not point towards any clinically significant
hepatic changes, the importance of the observed changes was uncertain due to the degree
of the hepatic lesions (varying between normal, minimal/slight and mild).

In this study, avocado seed showed the potential to reduce weight gain in rats fed
with a high-fat diet. Avocado seed should be investigated further for its mechanisms of
action and safety.

5. Conclusions

Avocado seed powder contains different phytochemicals and trace elements with
potential for use in management of obesity. In this study, avocado seed powder has shown
potential to prevent obesity and reduce triglycerides. However, the long-term effects of the
avocado seed powder ingestion still needs to be investigated. Further studies should be
conducted over a long period to determine the mechanisms of action of avocado seed in
managing obesity and its safety in humans. Until that is done, we would not recommend
it’s chronic use in supplements.
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