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Abstract. Absorption and plasma level of usnic acid and safety of lichen
Usnea articulate extract, usnic acid, were assessed in adult male Sprague-
Dawley rats. Three groups (N = 10) were used: Group | received [1%
carboxymethylcellulose (CMC)], Group Il received extract/CMC (100
mg/kg), and Group 11l received extract/CMC (300 mg/kg) orally for 7
weeks. Usnic acid reached peak within 6 hr, remained in circulation for 72
hr after oral administration of 500 mg UA/Kg. The extract results in
significant increase in food intake at 2", 4™ 5™ weeks in Group Il versus
controls. At 7" week, Group Il showed an increase in albumin, total
bilirubin, total cholesterol and high density lipoprotein cholesterol (HDL-C).
In Group Il glucose, magnesium, total bilirubin, alanine aminotransferase
(ALT), total cholesterol, HDL-C, low density lipoprotein cholesterol (LDL-
C), liver index were increased while aspartate aminotransferase (AST),
lactate dehydrogenase (LDH) were decreased. Group Il showed an increase
in food efficiency, (LDH) but a decrease in glucose, magnesium, total
bilirubin, (ALT), total cholesterol, LDL-C, HDL-C and liver index versus
Group IIl. Usnea articulate extract exerted dose-dependent effects on body
weight, liver functions, lipid profile and glucose with potential safety in low
dose; affected adipocyte morphology and morphometry in high dose.
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Introduction

Obesity is an excessive accumulation of body fat, which poses a real
threat to health. Its prevalence is increasing globally, particularly among
children and adolescents, and nearly half a billion of the world's
population (estimated to be around 6.5 billion) is considered to be
overweight or obesel). Several anti-obesity agents (including drugs,
nutritional and herbal dietary supplements) have been suggested for body
weight control.

Usnea species have been used in homeopathic and traditional
medicine in China, Pacific Islands, and New Zealand!?. In Saudi Arabia,
thirteen species of lichens from Asir mountains (Southwestern region
bordering the Red Sea) were reported™, while the flora of central,
southern, and western regions were studied and about 67 lichen species
belonging to 38 genera including Usnea articulata were recorded™.
Twelve species belonging to eight genera were also identified™. Usnic
acid (UA) is one of the most common and abundant secondary
metabolites found in a variety of lichens. It exists as (+) and (-)
enantiomers, both exhibiting unique biological properties. The (+)-usnic
acid enantiomer exhibits anti-microbial'®, anti-inflammatory !, and anti-
viral activity™® whereas (-)-usnic acid possess anti-fungal® and anti-
mitotic properties™. The therapeutic antimicrobial activity of (+)-usnic
acid against a large variety of Gram-positive bacteria, irrespective of
their resistance phenotype, has been related to its membrane uncoupling
property™!. The anti-inflammatory, analgesic, and anti-pyretic effects of
usnic acid have been linked to inhibition of prostaglandin synthesis as a
result of uncoupling effects on oxidative phosphorylation!?!,

The uncoupling property of UA provides the rationale for their use as
fat burning agents and therefore, had been marketed as dietary
supplements for weight lossi*®. However, the relatively high doses of
UA required to achieve weight reduction can result in serious side-
effects. For example, Food and Drug Administration (FDA) received at
least 21 reports of hepatotoxicity in consumers who ingested dietary
supplements containing UA or sodium usniate for weight loss, thereby
raising safety concerns. These hepatotoxicities resulted in one death, one
liver transplant, seven individuals with liver failure, 10 cases of chemical
hepatitis, and four cases of mild hepatic toxicity™™®. Irrespective of a
long history of using UA containing products, only a few animal studies
were conducted to evaluate its clinical safety!’®). Pharmacokinetic



Assessment of Usnic Acid (Lichen Usnea Articulata Extract) Safety on Lipid Profile... 47

studies on rabbits have proved that single oral dose of UA (20 mg/kg)
shows no evident signs of toxicity™. A study on larvae of herbivore
insect (Spodoptera littoralis), which received injections of UA in the
hemolymph, indicated that the (-)- form was found to be ten times more
toxic than its (+)- form (LDso 8.6 versus 90.8 pmol)!*l.

The present study was undertaken in order to evaluate the plasma
level of UA treated-rats, following oral administration of single UA dose
(500 mg/kg). As well as to determine the safety dose based on the
biological effect of chronic oral administration of 2 doses of UA (100
and 300 mg/kg) for 7 weeks, n-hexane extract of Usnea articulata, on
body weight, body mass index (BMI), food and water uptake, liver and
perirenal adipose tissue indices in adult male Sprague-Dawley (SD) rats.
The changes of plasma levels of glucose, insulin, magnesium, liver
function tests, lipid profile, leptin, glutathione were also recorded and
compared.

Methods and Procedures

The prospective experimental study was conducted at King Fahad
Medical Research Center (KFMRC) and the Biochemistry Laboratory of
King Abdulaziz University Hospital (KAUH), Jeddah, Saudi Arabia.

(+)-Usnic acid 98%

(+)-Usnic acid (Molecular Weight: 344.32, Assay: 98%, optical
activity: [a]25/D +488°, ¢ = 0.4 in chloroform, mp: 201-203°C) prepared
from Usnea dasypoga, 2(6-Diacetyl-7), 9-dihydroxy-8, 9b-
dimethyldibenzofuran-1, 3 (2H,9bH) dione (CigH160;7) was purchased
from Sigma-Aldrich Chemie Gmbh, Munich, Germany.

Plant

Usnea articulata was collected from Asir region in the southwestern
of Saudi Arabia, where it is growing on Juniper trees (Juniperus procera)
in Al-Sawdah ("Jabal Sawdah" 18°20'N, 42°18' E). The plant was
previously identified!*.

Extraction and Isolation of UA

Air-dried pieces (2500 g) of Usnea articulata were soaked for 5 days
in dark vials containing 2500 ml of n-hexane on an orbital shaker. Three
time filtration was carried out using Celite® poured on Whatman filter
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paper. The solid residues were discarded and the crude extract was re-
filtered with Whatman filter paper. The solvent (n-hexane) was removed
by evaporation at 69° using a Heidolph Rotary Evaporator, Laborota
4000 (Sigma-Aldrich Chemie Gmbh, Munich, Germany). The
concentrated crude extract was dissolved in absolute ethanol with a
stirrer in a water bath. The filtrate was kept overnight at 0-4°C. Long
yellowish crystalline prisms of usnic acid™ was purified by
recrystallization in ethanol, weighed to calculate its percentage then kept
in stopper vials at room temperature.

Animals

Adult male SD rats (n = 37) obtained from the animal house unit in
KFMRC were used. This study consists of two experiments. The
animals used were housed in plastic cages (42 x 26.5 x 15 cm) at 20°C
and 60% humidity with 12/12 hr dark-light cycle with free access to
water and commercial rat food. Animals were acclimatized for one week
before starting the experiments. The experimental procedures were
carried out according to “Guideline on Experiments on Animal” at
KFMRC, King Abdulaziz University and approved by Ethical
Committee.

Experimental Protocols
Experiment ()

This experiment aimed to determinate UA in rat plasma by using
modified method® via high pressure liquid chromatography (HPLC).
The HPLC system consisted of an Alliance Waters separation module
2695 and a photodiode array detector model 2996 (Milford, MA, USA).
The column heater was set to 25 + 2°C. The control of the HPLC system
and data processing were performed with Empower Software (Build
1154, Waters Corp., Milford, MA, USA).

A total of 7 adult male SD rats, weighing 300 gram each was caged
individually (one/cage). A single dose of (+)-Usnic acid (500 mg/kg)
suspended in 1 ml of 1% carboxymethylcellulose (CMC) -water solution
was gavages to the animals. After 1, 3, 6, 12, 24, 48, and 72 hr, 1.5 ml of
blood was collected via orbital puncture® in  an
ethylenediaminetetraacetic acid (EDTA) tubes and centrifuged for 15
min at 1100 x g. Plasma was separated carefully and stored at —70°C
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until the analysis of UA for determination the time of maximal levels of
UA in plasma.

Experiment (I1)

The aim of this experiment was to determine the effect of low and
high doses of UA on water and food intake, weight gain and metabolic
parameters in the plasma in addition to morphology of perirenal adipose
tissue.

Thirty adult male rats (weighing 150-218 gram) were divided into 3
groups (10 rats each). The rats were caged individually (one/cage). The
animals were treated as follows:

Group (1): control group, administered 1 ml of 1% CMC-water
solution (low viscosity).

Group (2): low dose treated group, administered 1 ml of 100 mg/kg
UA (U. articulate extract) suspended in CMC.

Group (3): high dose treated group, administered 1 ml of 300 mg
UA/kg suspended in CMC. All treatments were given 5 days per week
for 7 weeks. Body weight, length (using a portable electronic digital
scale), food and water intake were recorded weekly. Animals were
monitored daily for abnormal clinical signs. Food efficiency (%) was
calculated according to the formula: (final body weight gain / total food
intake) x 10012, Body mass index (BMI) was calculated according to
the formula: body weight (grams) / square of the height (centimeters)®®].
At the end of experiment, rats of all groups were overnight fasted and
between 07:00 and 09:00, deeply anesthetized with ether’, and blood
was collected via periorbital venous plexus in an EDTA tubes and
centrifuged for 15 min at 1100 x g. Plasma was separated and stored at —
70°C for further biochemical studies. The animals were sacrificed by
cervical dislocation and the abdomen was opened; liver and perirenal fat
were removed and weighed. Organ and tissue indices [(liver or adipose
tissue Wei%ht / body weight) X 100][24] were calculated. According to
Ross et al.!”® adipose tissue was fixed in 10% neutral buffered formalin
and further processed for light microscopic study. Paraffin sections (5
pum  thick) were stained with hematoxylin and eosin (H&E), and
examined by Olympus BX-51 light microscopy (Japan). Adipocytes
were photographed. Adipocytes number and area were studied using the
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software Image-Pro plus version 6 analyzer. Notice: The scale bars of all
photographs were standardized depending on actual magnification.

Biochemical Analysis

The plasma level of glucose, magnesium, total protein, albumin, total
bilirubin, alkaline phosphatase test (ALP), aspartate aminotransferase
(AST), alanine aminotransferase (ALT) and gammaglutamyltransferase
(GGT); as well as lactate dehydrogenase (LDH), triglycerides (TG),
cholesterol (CHOL), low-density lipoprotein cholesterol (LDL-C) and
high-density lipoprotein-cholesterol (HDL-C) were determined by
enzymatic methods on an automated chemical analyzer (Dimension®
RxL Max® Clinical Chemistry System, USA). Plasma level of leptin was
measured spectrophotometrically using Rat Leptin 96-Well Plate Assay
ELISA kit purchased from Linco Research, Inc., St. Charles, MO USA.
The sensitivity of the kit was 0.04 ng/ml. The intra-assay and inter-assay
variations of the kit were 2.13-2.49 and 2.95-3.93, respectively. Insulin
plasma level was estimated spectrophotometrically using DRG®
Ultrasensitive Rat Insulin ELISA (EIA-2943) purchased from DRG
International Inc., Mountainside, NJ USA. The sensitivity of the kit was
1.76plU/ml. The intra- and inter-assay variations of the kit were 17.45-
66.43 and 17.36-66.90, respectively. The degree of insulin resistance
was measured by the homeostasis model assessment of insulin resistance
(HOMA-IR), which was calculated with the formula: Fasting serum
insulin (uU/ml) X fasting plasma glucose (mmol/L)/ 22.51%.
Determination of glutathione plasma levels was done using
QuantiChrom™ Glutathione Assay Kit (DIGT-250) purchased from
BioAssay Systems, Hayward, CAUSA. The sensitivity and accuracy of
the kit ranged from 0.4 - 100 pM.

Statistical Analysis

Statistical analysis of the data was performed using the Statistical
Package for Social Science (SPSS) version 12. The data are expressed as
means +/- standard error (SE). Comparison of variables between groups
was performed using one-way analysis of variance (ANOVA) and
"student's” t test as appropriate. The least significance difference test
was employed to compare means for pairs of groups. All analyses with a
p-value < 0.05 were considered statistically significant.
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Results

Usnea articulata collected from Al-Sawdah Mountain, Asir region,
Saudi Arabia, was found to contain 0.16% * 0.03 UA crystals (specific
rotation, [a] 25/D + 500° in chloroform; melting point, 198.9-199.1°C).
Following a single UA oral dose of 500 mg/kg., UA level was found in
rat plasma at one hr and 72 hr were 20.88 £ 2.63 pg/ml and 3.31 £+ 2.18
ug/ml, respectively. The maximum concentration of UA in the plasma
was obtained at 6 hr after administration (70.68 + 9.12 pug/ml) (Table 1).

Table 1. Usnic acid (pg/ml) in rat’s plasma at different hours following oral
administration of a single dose (500 mg/kg).

Time (hr) after Oral UA Concentration (pg/ml)
Administration (mean + SE)
1% 20.88 + 2.63
3M 55.59 + 6.79
6" 70.68 +9.12
12" 52.06 + 7.75
241 39.17 + 12.98
48" 17.75 +9.30
72 3.31+2.18

Although three rats of group (3) died within 5-7 weeks from the start
of experiment, the results showed that at the end of the 1% week there was
an insignificant increase in the percentage body weight gain after
administration of low dose UA (11.42 + 0.95% vs. 11.57 =+ 0.73%, p >
0.05) compared to control group. However, there was an insignificant
decrease in percentage body weight gain (11.42 = 0.95% vs. 11.26 *
0.97%, p > 0.05) after high dose (300 mg/kg). Meanwhile, from the
second week to the end of the 7" week, there was insignificant decrease
in the percentage body weight gain in all groups receiving low and high
doses of UA compared with the controls. Regarding food intake, there
was significant increase in food intake at 2", 4™ and 5 weeks in G3
compared with controls in the same week (p < 0.05). Water intake
increased significantly in G2 at 1%, 4™, 5™ weeks versus control (p <
0.05), meanwhile, in G3 it was significantly increased in the 3", 4™ 5%
7" weeks versus G2 and controls (p < 0.05) (Table 2).

Comparing the initial (beginning of 1* week) to final (end of the
week) BMI, there was significant increase in G1 (controls) and G2 (p <

7Th
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0.05) meanwhile, no significant changes were found in G3 (p > 0.05)
(Table 3).

At the end of the 7™ week, food efficiency (%) was increased
insignificantly in G2, whereas it was decreased significantly in G3
compared with G2 and control (p < 0.05). In G2, plasma levels of
albumin, total bilirubin, cholesterol and HDL-C were significantly
increased compared with controls (G1) (p < 0.05). Meanwhile, in G3
plasma levels of glucose, magnesium, total bilirubin, alanine
aminotransferase, cholesterol, low density lipoprotein cholesterol, and
high density lipoprotein cholesterol and liver index were significantly
increased (p < 0.05) while; lactate dehydrogenase were significantly
decreased than controls and G2 (p < 0.05). In G3, aspartate
aminotransferase was significantly decreased than controls (p < 0.05)
(Table 4).
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Table 3. Effect of different doses of usnic acid (UA) on body mass index (BMI) in different
groups.
2 Group (1) Group (2) Group (3)
BMI (gram/cm’) (0mg UA/kg) | (100 mg UA/kg) | (300 mg UA/Kg)

Initial (lSt week) 0.156 £ 0.001 0.156 £ 0.003 0.156 £ 0.004
Final (7" week) 0.190 + 0.003 0.190 + 0.006 0.173+0.01
% changes from initial to final 21.19+2.06 21.41 +2.330" 10.33 £5.34

Data were expressed as mean +/- SE. "Significance initial versus final BMI of the same group. P

< 0.05

Table 4. The effect of usnic acid (UA) administration (100 or 300 mg/ kg) given five times
a week for seven weeks on different measured parameters at the end of the 7"

week.
Group (2)

Group (1) Group (3)

Parameters 100 m
(0 mg UAVKg) ¢ v (300 mg UA/kg)

Food efficiency (%) 0.130.30 0.27+0.21 - 0.71£0.30™
Glucose (mmol/L) 6.66+0.34 7.40+0.43 9.000.60™
Insulin (ug/L) 0.76 +0.12 0.74 +£0.12 0.54 +0.13
Insulin resistance 6.20£1.07 7.31+£1.60 6.18+1.64
Magnesium (mmol/L) 1.01+0.04 1.07+0.04 1.34+0.05™
Total protein (g/L) 62.4+0.65 65.80 +0.84 66.88+3.00
Albumin (g/L) 13.8+0.20 14.90+0.23" 14.130.64
Total bilirubin (umol/L) 2.20+0.13 3.00+0.15" 5.00+0.50™
Alkaline phosphatase (/L) 125.7+7.03 115.10+5.04 117.0+11.16
Aspartate aminotransferase (p/L) 89.3+3.36 86.30+3.10 78.00+1.36
Alanine aminotransferase (1/L) 54.5+2.33 57.50+1.92 74.25+6.07
g-Glutamyl transferase (L) 2.22+0.28 2.00+0.41 2.71+0.57
Lactate dehydrogenase (/L) 676.9+84.78 599.30+63.27 340.88+39.23™%
Triglycerides (mmol/L) 0.62 £ 0.10 0.77+£0.12 0.66 = 0.07
Cholesterol (mmol/L) 1.76 £ 0.07 2.11£0.10° 2.62+0.14™
I(_n(:vr;]/:ltjlrj;lty lipoprotein cholesterol 0.27 +0.02 031 +0.02 039 +0.03™
I(-Ié%ocli/ef)sny lipoprotein cholesterol 053+ 001 0.64 +0.03" 079 +0.05™
Leptin (ng/ml) 1.78 +0.79 1.49 +0.61 0.26 +0.13
Glutathione (M) 157.79 £4.00 155.46 +5.92 146.57 £ 9.05
Liver index (%) 3.03+0.08 2.92 £0.09 3.39+0.10%
Perirenal adipose tissue index (%) 1.18+0.21 1.29+£0.23 0.87 £0.15
Adipocyte number/ 40.000 pm? 48 + 3.27 51.5+3.89 61.94 £6.33
Adipocyte area (um?)/ 40.000 um® | 1186.11 +76.98 | 1136.97 +89.30 = 1015.81 + 101.58

Data were expressed as mean +/- SE. Significance versus controls; ¥ significance versus group

(2). P <0.05
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Histological Studies

In H&E stained sections, adipocytes of perirenal fat of G1 (control)
have the usually signet ring appearance described in literature. In animals
receiving CMC they did not exhibit any significant morphological or
morphometric changes (Fig. 1). Adipocytes of G2 (100 mg UA/KQ)
showed slight decrease in cell area (Fig. 2) with concomitant increase in
cell number per field (40,000 um?) (p > 0.05). In G3 (300 mg UA/Kg),
adipocytes looked deformed with interspacing congested vessels or
hemorrhage (Fig. 3). The area was insignificantly decreased while the
cell number showed insignificant increase (p > 0.05) (Table 4).
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Fig. 1. Adipocytes of rat perirenal adipose tissue after administration of vehicle [1%
carboxymethylcellulose (CMC)] (control) showing normally shaped adipocytes.
(H&E: X 200).
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Fig. 2.

Fig. 3.

A.A. Al-Ahmadi et al.

~ - ; “ o
A ¢ A
' /
N \ 5 ; \ y
_—\ sk
T . [ .
4 ”‘ \ /
A / L J - J
o / :
)\ T K\ J PX % ) 4
¥ f Y
{ NS P e ‘f
S A ) e B
H 4
N J - Ve \\
- \ l s
: s N
- / ‘
3\ 7’ e
A

Adipocytes of rat perirenal adipose tissue (G2) after administration of UA (100
mg/kg). The cells look smaller than in the control group. There are no signs of
cell necrosis, fibrosis, or vascular changes. (H&E: X 200).

Adipocytes of a rat perirenal adipose tissue (G3) after administration of UA (300
mg/kg). Significant deformity and decrease in cell size (may indicate cell
apoptosis) of most adipocytes (black arrows) are observed following 8 weeks of
UA administration. Notice the marked capillary congestion and associated
intercellular hemorrhage (white arrow). (H&E: X 200).
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Discussion

The public’s increasing demand for alternative medicine and the
newly found global interest in phytomedicine and herbal therapies have
led to a rapid rise in the use of unregulated herbal supplements and
therapies. Usnic acid, extracted from lichen species, was recently
included in some lipolytic products (LipoKinetix) with contradictory data
concerning its hepatotoxicity™*%,

Pharmacokinetic studies of standard UA performed herein showed
that it was well absorbed from the digestive tract of rats reaching a
concentration peak (70.68 ug/ml) in plasma within 6 hrs after oral
administration (500 mg UA/kg). Furthermore, the results indicated that
UA remained in the circulation for a period of 72 hrs (3.31 ug/ ml). A
peak of 32.5 pg/ml was found in rabbit plasma 12.2 hr following oral
administration of UA in a dose 20 mg/kgt".

Experimental animals in this study appeared healthy and showed
normal activity with no signs of stress at either dose used orally (100 and
300 mg/kg), which revealed the potential safety especially at low doses.
However, in previous study on mouse, UA from Usnea articulata was
reported to have a median lethal dose of 180 mg/kg to mice (s.c.
injection), and symptoms of UA toxicit%/ was similar to those of classical

oxidative phosphorylation uncouplerst?”.

In rats receiving low dose of UA (100 mg/kg), the results of this
study showed significant increase in BMI at the 7™ week compared to 1°
week. There is no available data on the effect of extracted UA (without
additives) on body weight in animals, despite potential use of UA in
alternative medicine as a commercial health-promoting product!***!.

At the 7™ week, the liver index (%) of lean rats treated with high dose
(300 mg/kg) UA was increased significantly (p < 0.05), while perirenal
adipose tissue index (%) showed an insignificant decrease. These results
could be explained in view of the reports that mobilization of stored
lipids in cases of ATP deficiency (could be here due to thermogenic
effect of UA) was reported to associate with subsequent deposition
within liver parenchymal®®. On the other hand, insignificant changes in
liver index (%) and perirenal adipose tissue index (%) were observed in
rats received low dose of UA (100 mg/kg).

Loss of membrane integrity or altered permeability due to lack of
ATP™! with subsequent leakage of cytoplasmic contents resulting in
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increased serum liver enzymes including alanine aminotransferase was
reported in literature®®3®.  Similar suggestion could be given here to
explain the significant increase of alanine aminotransferase associated with
high dose of UA. The (+) UA heg)atotoxic effect was presumably a result
of mitochondrial ~dysfunction®®233  Future work concerning
hepatocyte ultrastructure is going on to confirm such suggestion.

The release of lactate dehydrogenase and aspartate aminotransferase is
commonly used as an indicator of plasma-membrane damage!®®.
However, these enzymes were significantly decreased in animals
received high dose of UA than controls. This result could not be
explained in the present study. In contrast, UA, at 323 mg/kg/day, was
reported to produce a transient elevation of serum lactate dehydrogenase

and aspartate aminotransferase in 1 out of 9 domestic sheep*.

Moreover, a significant change in serum level of aspartate

aminotransferase and alanine aminotransferase was observed when rats
received high doses of (+) UA (200 mg/kg per day, i.p. for 5 days)!*®!. A
species-dependent effect could underlie such differences. Also, UA at
high dose (1 mM) induced a loss of cell membrane integrity in isolated
rat hepatocytes, which was detected by the release of cellular
transaminases (AST and ALT) into the culture medial*®. In clinical field,
two patients taking a commercial weight loss product, containing UA and
soybean, were reported to have elevated serum levels of aspartate
aminotransferase, alanine aminotransferase, alkaline phosphatase and
total bilirubin®!. Several hepatotoxicity cases experienced by several
individuals who used an herbal preparation called LipoKinetix. This
commercial preparation contained norephedrine hydrochloride, sodium
usniate, 3,5-diiodothyronin, Yohimbine Hydrochloride and caffeinel™?.
On the other hand, the specific syndrome observed in lichen-poisoned
animals would seem to indicate that other compounds in the lichen,
possibly in addition to (+) UA, interact to produce such toxicity!*!.

In this study, total bilirubin was significantly increased in rats received
low and high doses of UA (100 and 300 mg/kg); while albumin was
significantly increased in animals received low dose of UA compared to
controls. The increase in total bilirubin reported in this study in animals
receiving both low and high doses of UA (100 or 300 mg/kg) could be
due to impaired conjugation of bilirubin®®. Altered rough endoplasmic
reticulum, mitochondrial function, and lack of ATP resulting from
uncoupling of oxidative phosphorylation by UAR®?°31 could also
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predispose to such impairment. Serum total protein and albumin changes
may aid in diagnosing chronic or inflammatory liver diseases"..

Estimation of serum lipid levels showed that cholesterol and HDL-C
were significantly increased in rats treated with low and high doses with
UA, while LDL-C was significantly increased in high dose UA treated
group compared with controls. An increase in serum cholesterol was
logical as both HDL-C and LDL-C were increased in experimental
groups. HDL-C was designated as a "good" cholesterol carrier and an
inverse relationship was reported between plasma HDL-C concentration
and atherosclerosis®®. The slight increase in triglyceride was most
probably due to the mobilization of stored fat in adipose tissue. A fat
burner agent (e.g., green tea) was reported to be associated with
increased triglyceride serum level™. However, there are no available
studies concerning such an effect with UA.

Usnic acid (UA) was proved by Hsu et al.®® to be a fat burner. Its
effect on adipocyte in the present study was observed in the form of
decreasing cell area and number in low dose animal group, while high
dose result in cell necrosis of both adipocyte and endothelial cells
resulting in intercellular hemorrhage. No available literature describes
similar effect on adipocytes. However, cell necrosis rather than apoptosis
was described by Einarsdottir et al.,*”! and Backorova et al.,”" to be the
mechanism of anti-cancer effect of lichen compound usnic acid.
Adipocyte atrophy or necrosis described herein could be also explained
in view of actions of other fat burners such as CLA. It was found that
cis-9, trans-11 CLA has differential effects on lipid metabolism™2. The
same authors found that cultures treated with 50 mol/L trans-10 and cis-
12 CLA, showed an increase in basal lipolysis by 18% compared with
controls in 3T3-L1 preadipocytes. A recent study showed that oxidative
phosphorylation and gluconeogenesis were dramatically inhibited by
10uM UAM™I A similar mechanism could be evoked in adipocytes result
in depletion of ATP, decreases storage function and concomitant cell
atrophy or death. Reviewing available literature, the present study could
be the first that describe the effect of UA on adiposity and lipid profile at
preclinical level.

The increase in food intake, decrease in food efficiency associated
with low serum insulin level might have a role in the significant increase
in serum glucose level in high dose. Uncoupling of oxidative
phosphorylation with a consequent possible defect in energy
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transformation pathways could underlie such an increase!*. Pancreatic
insulin secretion was reported to be directly proportional to the size of
the fat massi*®. The present study could be preliminary as there is no
available literature concerning such effect.

The significant increase in magnesium observed in this study in the
high dose group (300 mg UAJ/kg) could be due to uncoupling of
oxidative phosphorylation. Studies on activated cultured hepatocytes
have shown that glucokinase binds to the cell matrix by a Mg-dependent
mechanism such as mitochondrial Mg®*-activated ATPase'*®. Thus,
there is a possibility that uncoupling of oxidative phosphorylation by UA
disrupts this binding, and therefore, releases Mg®* into the circulation,
resulting in an increase of its level in serum.

From the present results it could be suggested that UA has no effect
on central regulation of food intake based on the observation of
increasing food intake; which herein was found to be associated with
slight reduction in perirenal adipose tissue index and serum leptin level.
Leptin from adipocyte source*”! has a well-known action in regulating
eating behavior® via stimulation of lateral and ventromedial
hypothalamic nuclei with subsequent suppression of food intake!®!.

Glutathione is the strong nucleophilic molecules found in most cells
with its function as an antioxidant!’®). A slight decrease in serum
glutathione was observed in rats receiving a high dose of UA (300
mg/kg), which could be attributed to an oxidative stress®Y. Usnic acid
(25, 50, 100 and 200 mg/kg) was found to increase glutathione levels in
rat, which was reduced by indomethacin®”. A decrease in glutathione
content was described in isolated rat hepatocytes after treatment with a
high dose of UA (1 mM)™®. The same authors identified a directly
hepatotoxic effect of usnic acid on isolated rat hepatocytes in a
mechanism similar to carbon tetrachloride, which involves free radical
generation with resultant cell membrane and mitochondrial injury®Y,
lipid peroxidation, disturbed calcium homeostasis, and cell death.

In conclusion, UA could be considered potentially safe in low dose. It
was found to have a dose-dependent effect on body weight, liver and
perirenal adipose tissue indices, liver enzymes, and lipid profile and
blood glucose. Hepatotoxic effect of (+) usnic acid could be direct or by
its reactive metabolite(s) causing loss of membrane integrity. Usnia acid
extracted from Usnea articulate could be considered quietly safe if used
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orally in low doses as it showed minimal or insignificant effects on most
parameters tested in this study. More studies are also needed to test such
safety in obese animals as a weight-reducing agent. Adjustment of UA
dose and imply nanotechnology as nano encapsulation in microspheres
could be used in the future for safe preparation of UA formulations
targeting only fat stores.

Acknowledgment

The authors are grateful to King Abdulaziz City for Science and
Technology for funding this project (No0.13-98), King Fahad Medical
Research Center at King Abdulaziz University, where most of this work
was carried out. A special thanks to Dr. Alaa Khedr for his helpful advice
and suggestions.

References

[1] Rossner S. Obesity: the disease of the twenty-first century. Int J Obes Relat Metab Disord
2002; 26 (4): S2-4.
[2] Ingolfsdottir K. Usnic acid. Phytochemistry 2002; 61(7): 729-736.

[3] Kirschner H. Epiphytic communities of the Asir mountains (SW Saudi Arabia) studies in
Arabian bryophytes 2. Nova Hedwigia 1984; 39: 177-200.

[4] Abu-Zinada AH, Hawksworth DL, Bokhary HA. Arab Bureau of Education for the
Gulf States. The lichens of Saudi Arabia, with a key to the species reported. Arab Gulf J
Sci Res 1986; 2: 1-22.

[5] Bokhary HA, Parvez S, Abu-Zinada AH, Lichen flora from high altitude areas of Saudi
Arabia. Nova Hedwigia 1993; 56(3-4): 491-496.

[6] Lauterwein M, Oethinger M, Belsner K, Peters T, Marre R. In vitro activities of the
lichen secondary metabolites vulpinic acid, (+)-usnic acid, and (-)-usnic acid against
aerobic and anaerobic microorganisms. Antimicrob Agents Chemother 1995; 39(11): 2541-
2543.

[7] Vijayakumar CS, Viswanathan S, Reddy MK, Parvathavarthini S, Kundu AB,
Sukumar E. Anti-inflammatory activity of (+)-usnic acid. Fitoterapia 2000; 71(5): 564-
566.

[8] Scirpa P, Scambia G, Masciullo V, Battaglia F, Foti E, Lopez R, Villa P, Malecore M,
Mancuso S. [A zinc sulfate and usnic acid preparation used as post-surgical adjuvant
therapy in genital lesions by Human Papillomavirus]. Minerva Ginecol 1999; 51(6): 255-
260.

[9] Broksa B, Sturdikova M, Pronayova N, Liptaj T. (-)-Usnic acid and its derivatives. Their
inhibition of fungal growth and enzyme activity. Pharmazie 1996; 51(3): 195-196.

[10] Cardarelli M, Serino G, Campanella L, Ercole P, De Cicco Nardone F, Alesiani O,
Rossiello F. Antimitotic effects of usnic acid on different biological systems. Cell Mol Life
Sci 1997; 53(8): 667-772.

[11] Cocchietto M, Skert N, Nimis PL, Sava G. A review on usnic acid, an interesting natural
compound. Naturwissenschaften 2002; 89(4): 137-146.


http://www.google.com.sa/search?tbo=p&tbm=bks&q=inauthor:%22Arab+Bureau+of+Education+for+the+Gulf+States%22
http://www.google.com.sa/search?tbo=p&tbm=bks&q=inauthor:%22Arab+Bureau+of+Education+for+the+Gulf+States%22
http://www.google.com.sa/search?tbo=p&tbm=bks&q=inauthor:%22Arab+Bureau+of+Education+for+the+Gulf+States%22
http://www.ncbi.nlm.nih.gov/pubmed?term=Broksa%20B%5BAuthor%5D&cauthor=true&cauthor_uid=8900875
http://www.ncbi.nlm.nih.gov/pubmed?term=Sturd%C3%ADkov%C3%A1%20M%5BAuthor%5D&cauthor=true&cauthor_uid=8900875
http://www.ncbi.nlm.nih.gov/pubmed?term=Pr%C3%B3nayov%C3%A1%20N%5BAuthor%5D&cauthor=true&cauthor_uid=8900875
http://www.ncbi.nlm.nih.gov/pubmed?term=Liptaj%20T%5BAuthor%5D&cauthor=true&cauthor_uid=8900875

62

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]
[20]
[21]
[22]
[23]

[24]

[25]

[26]

[27]

(28]

[29]

A.A. Al-Ahmadi et al.

Haasio K, Lounatmaa K, Sukura A. Entacapone does not induce conformational changes
in liver mitochondria or skeletal muscle in vivo. Exp Toxicol Pathol 2002; 54(1): 9-14.

Favreau JT, Ryu ML, Braunstein G, Orshansky G, Park SS, Coody GL, Love LA,
Fong TL. Severe hepatotoxicity associated with the dietary supplement LipoKinetix. Ann
Intern Med 2002; 136(8): 590-595.

Neff GW, Reddy KR, Durazo FA, Meyer D, Marrero R, Kaplowitz N. Severe
hepatotoxicity associated with the use of weight loss diet supplements containing ma huang
or usnic acid. J Hepatol 2004; 41(6): 1062-1064.

Frankos VH. NTP nomination for usnic acid and Usnea barbata herb. Food and Drug
Administration, Division of Dietary Supplement Programs. 2005. Access date, March 13,
2009

<http://ntp.niehs.nih.gov/ntp/htdocs/Chem_Background/ExSumPdf/UsnicAcid.pdf>.
Pramyothin P, Janthasoot W, Pongnimitprasert N, Phrukudom S, Ruangrungsi N.
Hepatotoxic effect of (+) usnic acid from Usnea siamensis Wainio in rats, isolated rat
hepatocytes and isolated rat liver mitochondria. J Ethnopharmacol 2004; 90(2-3): 381-387.
Krishna DR, Venkataramana D. Pharmacokinetics of D (+)-usnic acid in rabbits after
intravenous and oral administration. Drug Metab Dispos 1992; 20(6): 909-911.

Emmerich R, Giez I, Lange OL, Proksch P. Toxicity and antifeedant activity of lichen
compounds against the polyphagous herbivorous insect Spodoptera littoralis.
Phytochemistry 1993; 33(6): 1389-1394.

Abo-Khatwa AN, Al-Robai AA, Al-Jawhari DA. Isolation and identification of (+) usnic
acid and atranorin from some Saudi Arabian lichens. Arab Gulf J Sci Res 1997; 15: 15-28.
Venkataramana D, Krishna DR. High-performance liquid chromatographic
determination of usnic acid in plasma. J Chromatogr B 1992; 575(1): 167-170.

Waynforth HB. Experimental and Surgical Technique in the Rat. London: Academic P,
1980. 269.

Liu JF, Lee YW. Vitamin C supplementation restores the impaired vitamin E status of
guinea pigs fed oxidized frying oil. J Nutr 1998; 128(1): 116-122.

van den Brandt J, Kovacs P, Kléting I. Metabolic syndrome and aging in Wistar Ottawa
Karlsburg W rats. Intern J Obes Relat Metab Disord Obesity 2002; 26(4): 573-576.

Zeng T, Guo FF, Zhang CL, Zhao S, Dou DD, Gao XC, Xie KQ. The anti-fatty liver
effects of garlic oil on acute ethanol-exposed mice. Chem Biol Interact 2008; 176(2-3):
234-242.

Ross MH, Kaye GI, Pawlina W. Histology a Text and Atlas. Lippincott Williams &
Willians, USA, 2003.

Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, Turner RC.
Homeostasis model assessment: insulin resistance and beta-cell function from fasting
plasma glucose and insulin concentrations in man. Diabetologia 1985; 28(7): 412-419.
Abo-Khatwa AN, Al-Robai AA, Al-Jawhari DA. The uncoupling of oxidative
phosphorylation of mouse-liver mitochondria in vivo by usnic acid. J KAU Sci 2005; 17(1):
35-45.

Kumar V, Abbas AK, Fausto N, Mitchell RN. Robbins Basic Pathology. China: Saunders
Elsevier, 2007.

Abo-Khatwa AN, al-Robai AA, al-Jawhari DA. Lichen acids as uncouplers of oxidative
phosphorylation of mouse-liver mitochondria. Nat Toxins 1996; 4(2): 96-102.



[30]

[31]

(32]

[33]

[34]

[35]
(36]
(37]
[38]
[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

Assessment of Usnic Acid (Lichen Usnea Articulata Extract) Safety on Lipid Profile... 63

Karaman A, Demirbilek S, Sezgin N, Gurbuz N, Gurses |. Protective effect of
polyunsaturated phosphatidylcholine on liver damage induced by biliary obstruction in rats.
J Pediatr Surg 2003; 38(3): 1341-1347.

Durazo FA, Lassman C, Han SH, Saab S, Lee NP, Kawano M, Saggi B, Gordon S,
Farmer DG, Yersiz H, Goldstein RL, Ghobrial M, Busuttil RW. Fulminant liver failure
due to usnic acid for weight loss. Am J Gastroenterol 2004; 99(5): 950-952.

Han D, Matsumaru K, Rettori D, Kaplowitz N. Usnic acid-induced necrosis of cultured
mouse hepatocytes: inhibition of mitochondrial function and oxidative stress. Biochem
Pharmacol 2004; 67(3): 439-451.

Kumar KC, Muller K. Lichen metabolites. 2. Antiproliferative and cytotoxic activity of
gyrophoric, usnic, and diffractaic acid on human keratinocyte growth. J Nat Prod 1999;
62(6): 821-823.

Dailey RN, Montgomery DL, Ingram JT, Siemion R, Vasquez M, Raisbeck MF.
Toxicity of the lichen secondary metabolite (+)-usnic acid in domestic sheep. Vet Pathol
2008; 45(1): 19-25.

Hsu LM, Huang YS, Chang FY, Lee SD. 'Fat burner' herb, usnic acid, induced acute
hepatitis in a family. J Gastroenterol Hepatol 2005; 20(7): 1138-1389.

Awad WM. Iron and Heme Metabolism. In: Textbook of Biochemistry with Clinical
Correlations. Devlin TM, ed. New York: Wiley-Liss Inc, 1997. 1002-1021.

Alemu P, Forsyth GW, Searcy GP. A comparison of parameters used to assess liver
damage in sheep treated with carbon tetrachloride. Can J Comp Med 1977; 41(4): 420-427.

Champe PC, Harvey RA, Ferrier DR. Lippincott's Illustrated Reviews: Biochemistry.
USA: Lippincott Williams & Wilkins, 2005.

Hasegawa N, Yamda N, Mori M. Powdered green tea has antilipogenic effect on Zucker
rats fed a high-fat diet. Phytother Res 2003; 17(5): 477-480.

Einarsdottir E, Groeneweg J, Bjornsdottir GG, Harethardottir G, Omarsdottir S,
Ingolfsdottir K, Ogmundsdottir HM. Cellular mechanisms of the anticancer effects of the
lichen compound usnic acid. Planta 2010; 76(10): 969-974.

Backorova M, Backor M, Mikes J, Jendzelovsky R, Fedorocko P. Variable responses of
different human cancer cells to the lichen compounds parietin, atranorin, usnic acid and
gyrophoric acid. Toxicol 2011; 25(1): 37-44.

Evans M, Brown J, Mclntosh M. Isomer-specific effects of conjugated linoleic acid
(CLA) on adiposity and lipid metabolism. J Nutr Biochem 2002; 13(9): 508.

Sonko BJ, Schmitt TC, Guo L, Shi Q, Boros LG, Leakey JE, Beger RD. Assessment of
usnic acid toxicity in rat primary hepatocytes using (13)C isotopomer distribution analysis
of lactate, glutamate and glucose. Food 2011; 49(11): 2968-2974.

Harris RA. Carbohydrate Metabolism 1: Major Metabolic Pathways and Their Control. In:
Textbook of Biochemistry with Clinical Correlations. Devlin TM, ed. New York: Wiley-
Liss, Inc, 1997. 267.

Polonsky KS, Given BD, Cauter EV. Twenty-four-hour profiles and pulsatile patterns of
insulin secretion in normal and obese subjects. J Clin Invest 1988; 81(2): 442-448.

Agius L, Peak M, Van Schaftingen E. The regulatory protein of glucokinase binds to the
hepatocyte matrix, but, unlike glucokinase, does not translocate during substrate
stimulation. Biochem J 1995; 309(Pt 3): 711-713.

Woods SC, Seeley RJ. Understanding the physiology of obesity: review of recent
developments in obesity research. Int J Obes Relat Metab Disord 2002; 26(Suppl 4): S8-
S10.



64 A.A. Al-Ahmadi et al.

[48] Carlson NR. Physiology of Behavior. Boston: Allyn and Bacon, 2001.

[49] English PJ, Wilding JP. Applied physiology: The control of weight. Current Pediatr
2006; 16(6): 439-446.

[50] Odabasoglu F, Cakir A, Suleyman H, Aslan A, Bayir Y, Halici M, Kazaz C.
Gastroprotective and antioxidant effects of usnic acid on indomethacin-induced gastric
ulcer in rats. J Ethnopharmacol 2006; 103(1): 59-65.

[51] Sahu SC, Amankwa-Sakyi M, O'Donnell MW Jr, Sprando RL. Effects of usnic acid

exposure on human hepatoblastoma HepG2 cells in culture. J Appl Toxicol 2012; 32(9):
722-730.



Assessment of Usnic Acid (Lichen Usnea Articulata Extract) Safety on Lipid Profile... 65

(WSl Lyl Aas] aliiins) @li)s¥) (raes Aadl api
‘53 JJSM uz\'k,iﬂ z"ﬁ&j‘ L\M‘ ds.m ‘U}AJ‘ 'é)j.».a (_QJ:;
Oladl )s8a

Coshd gl Jad aaaly ol daal oy gl Giallae A
T Ae SLE slag

tCu_')..u.r.//ra.&: ra.wé!j cﬁ}M/M‘@F/gwfﬁﬁ’j ménf)//r,j.[c (a...ué"
jell e lal) deala ciball LIS
Lo gunad] 4y el dSLaall — 5aa

Gy V) aeny dalladd) Al a8 ) duhall Cangd aliiieal/
Slefs (abaiad) Jase 3aa 23 L el wie (WY€) Ll 21
celae D Ll 8 aasiad LWL 3 eliy V) paeal 585
e (mS508 3ley Cialge () Aegena - (Aesane JST 03 V)
V) Sleyn paliiudlidinlse (Yer) ghegend) /) sl
bl Voo g sl Gl o adlly sl e (anS/aale Yo
o) il (st 2 Ay el Jlaill al) il pan

T adly 35 el Jans paSfaale 00 mpal ae e
g ol gl el YV sl 5y5l) 8 Jlas cile s
S g lally Grasnl¥) (e IS 3245 (1) desanal

A e caall ol Jg et Sl JSH g i Sy
ool asmaiaally 5Slal) e JS 3045 (¥ e sanall el
(Sis ol It <y S Jg 5 Uy 5585305 ginal ) S
Caland e JS g il Lty 2l Jalaay 6L e Jaal)



66 A.A. Al-Ahmadi et al.

3 S (Yaesanal) (& caaly « g pulens a5 ¢ 583 sl
D55l e JS (adaily s yalens CuiSY iy 45138l
Ot s 5085353 simal ) il S (g alilly o guassinalls
el s A8 Gaddially ) nall b ) J i Sy S
Slo oaslsn il ) (aliiad (V) deseadl £5lhe 280
el Gl (gsine g ¢ slanall dejal) e lalel 13l

Laal)l WA aass <G e S e il al () aag WS L daiddl)
Ayl dejal) Alla 8 duals



