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Subacute Toxicity of Brown Truffle (Terfezia claveryi) on Sprague-Dawley Rats
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ABSTRACT

Brown truffle (Terfezia claveryi) is a wild fungi species collected and consumed by humans in Iraq,
especially during the raining season, from February to April. However, the toxicological effects of this
fungus have not been studied in humans. This study tested the subacute toxicity of brown truffle’s
methanolic extract on a rat model. Daily oral doses of 200, 400, and 800 mg/kg were administered to adult
Sprague-Dawley rat groups of both sexes for 14 days. There were no behavioral changes, no alterations in
body weight, organ weight, and body weight gain (p>0.05) in the treated rats, compared to the untreated
control group. The hematological and serum biochemical parameters did not show significant (p>0.05)
differences from the control. Microscopic examinations of the brain, lungs, liver, spleen, kidney, and heart
tissues revealed no pathological lesions in treated rats’ organs. These results imply that the administration of
methanolic extract of T. claveryi to rats does not result in observable toxicity.
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Introduction Truffles grow naturally in large quantities in Iraq

Truffles are the subterranean fruiting parts of wild in the raining season, between February and April.
fungi that grow naturally under the ground They are collected from the desert areas and
without human intervention (1). They form brought to the local markets for sale. Truffles are
ectendomycorrhizal symbiotic associations with considered an expensive delicacy. However,
plants of the Helianthemum genus (2). Truffles are during the high season, the consumption of
considered mushrooms due to their spore-forming truffles increases drastically by Iragi citizens
characteristics. Desert truffles are a type of because of their availability in large quantities,
obligate hypogeous ascomycete fungi that belong which leads to reduced prices in the local markets.
to the Terfezia, Tirmania, and Picoa species. They People in the Middle East are considered the
are distributed naturally from North Africa to the primary consumers of truffles, and their popularity
Middle East. Two species of dark-brown-color arises from peoples’ belief that they have good
truffles (Terfezia claveryi and Terfezia boudieri) taste and high nutritional values (5). In April
and one species of white-color truffles (Tirmania 2019, several poisoning cases by truffle were
nivea) are found in the Arabian Peninsula (3). reported by the Directorate of Health in Erbil,
Terfezia claveryi is a common species that grows northern Irag. People were brought to the
in the central, southern, and western parts of Iraq emergency room with symptoms of poisoning.
(4). The patients reported that they had consumed
truffles purchased from the local markets, local
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was conducted to evaluate the toxicological
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Materials and Methods

Preparation of Terfezia claveryi methanolic
extract

Fresh T. claveryi was bought from a local market
in Sulaimani province-northern Iragq. The fungus
was authenticated by specialized personnel at the
College of Agricultural Engineering Sciences/
University of Sulaimani.

The truffles were cleaned from debris and
imperfections, washed with water, and mashed
using a laboratory grinder. Later, an amount of the
ground truffles was mixed with methanol (Fisher
Chemical, USA) at a ratio of 1:10 (w/v). The
mixture was then continuously shaken in a
laboratory shaker for one hour, followed by
filtering with surgical gauze and filter paper
(Whatman no. 4). The filtrate was then put in a
rotary evaporator to remove the solvent at 42°C.
The extract was stored in a tightly-sealed glass
container at -20°C before wusing it in the
experiment.

Laboratory animals

Twenty-four Sprague-Dawley rats of both sexes
were subjected in the experiment. The rats were
8-10 weeks old, with an average weight of 170.3
+5.8 gm. Every two rats of the same sex were
housed in a plastic cage with water and
commercial rat pellet ad libitum. A 12-hour
dark/light cycle was followed at an ambient
temperature of 25°C.

The rats were left to acclimate for seven days
before the commencement of the experiment. The
experiment was conducted with the Animal Care
and Use Committee’s permission at the College of
Veterinary Medicine, University of Sulaimani
(Approval no. 19/6).

Before the experiment, the rats were divided into
four equal groups. The first group served as the
control, which was given distilled water by
drenching. The other three groups were orally
administered with the methanolic extract of T.
claveryi at dosage rates of 200, 400, and 800
mg/kg body weight, respectively. The extract was
resuspended in distilled water before being
administered once daily for 14 days, using an oral
gavage needle. The weights of the animals were
recorded at the beginning and end of the
experiment. The behaviors of the animals after
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extract administration were observed daily for up
to 30 minutes.

The animals’ feed and water intake were
measured by weighing the amount of feed and
water left after 24 hours and subtracting from the
amount initially provided the previous day. Then,
the average daily intake of water and feed per
group was calculated.

Animal euthanasia and sample collection

At the end of the experimental duration on day 15,
the rats were anesthetized by intraperitoneal
injection of a mixture of ketamine (75 mg/kg) and
xylazine (2 mg/kg). Blood was collected from the
caudal vena cava after the abdominal cavity’s
opening, and placed into two types of tubes. Plain
tubes were used for the biochemical analyses of
serum, and heparinized tubes were used to collect
blood intended for hematological analyses.

The internal organs were inspected for gross
pathological changes. The liver, kidneys, spleen,
heart, brain, and lungs were washed with normal
saline and weighed. The relative organ-to-body
weight was measured by dividing the organ’s
weight by the rat’s total weight. The collected
organs were processed for histopathological
examination

Histopathological examination

The harvested tissue samples of liver, spleen,
kidney, heart, lungs, and brain were fixed in 10%
neutral buffered formalin for 72 hours. After that,
the samples were appropriately washed with tap
water, dehydrated in ascending alcohol
concentrations, cleared in xylene, and embedded
in paraffin (6). Five-um-thick tissue sections were
obtained using a rotary microtome, stained with
hematoxylin and eosin, and examined by different
magnifying powers of light microscopy to assess
the morphological characteristics of these
samples. Histological slides were examined
quantitatively by blind analysis. Ten random
sections were taken from each slide, and the
lesions were scored based on the percentage of
affected organ sections as follows; 0: 0-25%, 1:
26-50%, 2: 51-75%, and 3 >75% (7).

Hematological parameters

Blood samples collected in heparinized tubes were
used for the determination of hematological
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parameters. The analyzed parameters were variance (ANOVA), followed by post hoc
erythrocyte, platelet, and total white blood cell (Duncan), using SPSS version 19.0 (IBM, USA).
counts, hematocrit, hemoglobin concentration, Probability values <0.05 were considered
mean corpuscular hemoglobin (MCH), mean statically significant.

corpuscular hemoglobin concentration (MCHC),

and mean corpuscular volume (MCV) using an Result

automated hematology analyzer (Abbott CELL-

Terfezia claveryi methanolic extract
DYN® 3700, USA).

The methanolic extraction yielded 18.4% of the

Serum biochemical parameters . . .
P total weight of Terfezia claveryi.

Serum was collected from blood samples in plain
tubes by centrifugation of the blood at 3000
revolutions per minute. The samples of sera were
analyzed for total protein, albumin, glucose,
cholesterol, bilirubin, creatinine, urea, alanine
transaminase (ALT), aspartate transaminase
(AST), gamma-glutamyl transaminase (GGT), and
lactate dehydrogenase (LDH) spectrophoto-
metrically, using an automatic chemistry analyzer
(Hitachi 902 Automatic Analyzer) and standard
reagents from Roche (Germany).

Animal weight and behavioral changes

All rats treated with the methanolic extract of T.
claveryi exhibited normal water intake and
feeding, compared to the control; there were no
differences between the control and treated groups
in the amount of feed and water consumption
(P>0.05). No mortality was recorded, and no
iliness behavioral or signs were observed in the
rats throughout treatment. There was no
significant difference (p>0.05) in the rate of
weight gain between the control and groups
treated with T. claveryi methanolic extract (Figure

Data were analyzed using a one-way analysis of 1).

Statistical analysis
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Figure 1. Weight of rats before and after treatment. Values represent the mean of six rats (columns) £ SEM
(error bars). Initial weight = weight of rats before treatment. Weight after treatment = weight of rats after the
administration of Terfezia claveryi methanolic extract for 14 days. Control rats administered distilled water.
Groups T1, T2, and T3 administered 200, 400, and 800 mg/kg of T. claveryi extract. No significant difference
(p>0.05) was seen between the control and different groups on the same day (same-color columns). Statistics =
one-way ANOVA (post hoc = Duncan).

105



The Iragi Journal of Veterinary Medicine, 44 (2): 103-112

2020

Organ weights and pathological changes

No abnormalities were observed when the internal
organs of the control and treatment groups were
grossly examined. Comparing the weights of the
heart, liver, kidneys, spleen, lungs, and brain

between the treatment groups and the control
revealed no significant (p>0.05) differences. The
relative organ-to-body weights also revealed no
statistical difference between the experimental
groups (Table 1).

Table 1. Organ and relative organ-to-body weights of the experimental groups

Parameter Group
Control T1 T2 T3
Organ weight (g) Heart 0.83+£0.02 0.78 £0.03 0.82+0.04 0.77 £0.05
Liver 5.80 £ 0.26 497 +0.51 562+0.34 573+£0.43
Spleen 0.77 £0.08 0.77 £0.06 0.75+0.06 0.71+£0.07
Kidneys* 1.02 £ 0.05 0.93+0.03 1.00 £ 0.04 0.95+0.05
Brain 1.30 £ 0.06 1.33+£0.08 1.45+0.12 151+£0.12
Lungs 1.22 +0.06 1.22 +0.05 1.30+0.10 1.23+0.05
Relative organ-to- Heart 0.45 £ 0.02 0.42 £0.02 0.42 £ 0.02 0.40 £ 0.03
body weight (%0) Liver 3.07+£0.13 2.67+0.26 2.92+0.18 3.02+£0.23
Spleen 0.40 £ 0.04 0.42 £0.04 0.38+£0.03 0.37£0.04
Kidneys* 0.53 +£0.02 0.50 £0.03 0.53£0.02 0.48 +0.04
Brain 0.68 £0.03 0.73+0.04 0.75£0.07 0.80 £ 0.05
Lungs 0.63+0.03 0.65+0.03 0.67 £0.05 0.67 £0.03

* = total weight of right and left kidneys.

Values represent the mean of six rats + SEM. No significant difference (p>0.05) was present between the different

values (within the same row). Statistics = one-way ANOVA (post hoc = Duncan).

The hematological parameters of the
different rat groups following the
administration of T. claveryi methanolic
extract are shown in Table 2.

The erythrocytes count was lower in the
control group. However, the comparison

between the groups revealed no statistical
difference (p>0.05). No significant difference
was also observed in the hematocrit,
hemoglobin, MCH, MCHC, MCV, and
leukocytes between the different groups

Table 2. Hematological parameters of the experimental groups following administration of Terfezia
claveryi methanolic extract

Parameters Groups
Control T1 T2 T3

Erythrocytes (x10 /L) 5.89+0.21 5.92 +0.37 6.12 +0.38 6.06 = 0.35
Hematocrit (L/L) 38.64 £ 0.46 38.38 £ 0.47 38.21 £ 0.68 38.32+£0.40
Hemoglobin (g/L) 12.78 £+ 0.40 12.88+0.34 12.92 + 0.57 12.90 + 0.60
MCH (pg) 19.41+0.20 19.20+0.31 19.06 + 0.30 19.17+0.15
MCHC (g/L) 31.96 £ 0.33 32.32+£0.54 32.93+0.63 32.48 £ 0.54
MCV (FL) 61.39+0.80 60.13 £ 0.84 59.50+0.85 59.28 £ 0.52
Leukocytes (x10°/L) 5.00£0.12 5.34 £0.47 560%0.34 531+£0.35

Values represent mean of six rats + SEM. No significant difference (p>0.05) was present between the different values
(within the same row). MCH = mean corpuscular hemoglobin; MCHC = mean corpuscular hemoglobin concentration;
MCV = mean corpuscular volume. Statistics = one-way ANOVA (post hoc = Duncan).
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Table 3 shows the mean values of the
biochemical constituents of serum taken after
14 days of treatment with T. claveryi
methanolic extract. Comparing the results
between the control and treatment groups
showed no significant p<0.05 differences. The
concentration of total protein was higher in

control (62.37 g/L) compared to other groups,
but the difference was not statistically
significant (p>0.05). Similarly, the control
group’s urea concentration was 397.33+£25.92
mg/L, which was higher than in the treatment
groups. However, the difference was not
statistically significant.

Table 3. Serological tests of rats treated with Terfezia claveryi methanolic extract

Parameter Group
Control T1 T2 T3
Albumin (g/L) 43.98 £0.72 41.75+1.24 42.77 £1.07 44,78 £ 1.45
ALT (U/L) 38.62 +2.37 35.20 +3.49 38.12 +3.23 32.41+4.24
AST (U/L) 130.37 £ 2.08 138.28 £ 2.61 128.00 £ 3.11 126.12 £ 4.21
Cholesterol (mg/L) 385.83 +17.55 417.17 +21.44 392.00 +12.59 429.67 + 9.92
Creatinine (mg/L) 4,80 +0.26 5.42 +0.27 4,95+0.14 5.17 +0.18
GGT (U/L) 45.00 £1.32 42.07 £2.03 4550+ 1.48 42.00+1.15
Glucose (mg/L) 1225.00 + 9.61 1269.33 +17.90 1281.50 + 20.95 1230.00 + 24.63
LDH (1U/L) 924.83 + 23.29 992.00 + 50.09 1004.17 + 16.08 955.00 + 17.94
Total bilirubin (mg/L) 1.27 £0.07 1.17 £0.05 1.40+£0.13 1.22 £0.05
Total protein (g/L) 62.37 £ 1.25 59.10 £ 1.57 57.82+2.70 56.50 + 2.14
Urea (mg/L) 397.33 + 25.92 392.33 + 24.62 334.32 +19.76 357.67 + 24.28

Values represent the mean of six rats + SEM. Group T1

, T2, and T3 administered 200, 400, and 800 mg/kg body weight

of Terfezia claveryi methanolic extract for 14 days. ALT = alanine transaminase; AST = aspartate transaminase; GGT =
gamma-glutamyl transpeptidase; LDH = lactate dehydrogenase. No significant difference (p>0.05) was present between

the different values (within the same row). Statistical an
Histopathological findings

Microscopic examination of the brain, lung,
heart, liver, spleen, and kidney samples of rats
in the control and treatment groups showed
approximately normal histological structure.
However, blood vessel congestion was seen in
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alysis used is one-way ANOVA (post hoc = Duncan).

the kidney (Figure 2), liver (Figure 3), and
spleen (Figure 4) of rats in the treatment
groups receiving 400 and 800 mg/kg of
Terfezia claveryi methanolic extract. Liver
congestion was associated with hepatocellular
swelling and narrowing of the hepatic
sinusoids.

N

Figure 2. Microscopic view of a kidney section obtained from one of the :I'Z-group animals. It shows
the congestion of an interstitial blood vessel (black arrow). H&E, X400.
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Figure 4. Microscopic view of a liver section obtained from one of

the animals in group T3. It shows

the congestion of the central vein, hepatocellular swelling, and narrowing of the hepatic sinusoids.
Also, many apoptotic hepatocytes with binucleated cells are observable. H&E, X400.

Discussion

The subacute toxicity of Terfezia claveryi
methanolic extract was evaluated in this
study, using Sprague-Dawley rats as a model.
The criteria used included observing
behavioral changes following the administr-
ation of the extract and measurement of
animal and organ weights. Following the rats’
sacrifice, hematological and serum
biochemical profiles were measured, internal

organs were inspected grossly, and
histological sections of the heart, liver,
kidneys, spleen, lungs, and brain were

examined microscopically.
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Ideally, toxicological studies of products
intended for human consumption should be
conducted in humans. However, it is not
always possible to test those chemicals in
humans. Rats are considered the alternative
species of choice for humans because of the
many  anatomical and  physiological
similarities between the two species (8).
Iliness behavioral changes in animals
following the administration of test
compounds could indicate these agents’
damaging effects on the nervous tissue.
Neurotoxic effects should be routinely
screened in short-term toxicity studies, and
rats are considered the preferred species for
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this purpose (9). In our study, the rats were
observed continually for 30 minutes following
the administration of T. claveryi methanolic
extract, and every hour for the first four hours
post-administration. The absence of any
abnormal behavior after the administration of
T. claveryi is an indication that the extract did
not have detrimental effects on the nervous
system of the experimental rats. Examining
the brain’s histological sections did not show
any abnormal lesions in the treated groups’
brain tissue, even with the highest dose (800
mg/kg) of T. claveryi. These results imply that
the extract of brown truffle does not have
observable neurotoxic effects on Sprague-
Dawley rats. Body and organ weight, body
weight gain, and the percentage of organ
weights are parameters that should be
measured during toxicity studies of chemicals
and pharmaceutical compounds (10).

The Society of Toxicologic Pathology
recommends organ weights as part of the
parameters collected during toxicity studies,
as alterations in organ weights are often
treatment-related (11). The weights of the rats
were recorded before the study and 14 days
post-treatment.  Furthermore, the liver,
kidneys, spleen, heart, brain, and lungs of the
test animals were collected and weighed at the
end of the experiment. There were no
significant differences between the groups
regarding body weight, weight gain, organ
weights, and relative organ-to-body weights.
These results indicate that T. claveryi
administration to the rats did not cause
observable toxicities or reduce the rate of
weight gains in these animals. The tissue
sections’ microscopic  examination also
indicated that the extract’s treatment did not
cause degenerative changes in the vital
organs’ tissue. Although congestion was seen
in the kidney, liver, and spleen of rats that
administered the higher doses of T. claveryi
methanolic extract, the lesions were only
observed in few sections, and they were not
evident in all animals of the same group.
Hematological changes are one of the first to
occur following the administration of toxic
agents since the hematopoietic system is
vulnerable to the toxic effect of chemicals
(10, 12). A comparison of the hematological
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parameters between the control and treated
groups in our study showed that there were no
significant differences (p>0.05) between the
groups. These results indicated that even with
the highest dose (800 mg/kg), brown truffle
did not have any toxic effects on the
hematopoietic system or blood parameters.
Several serum biochemical parameters were
measured in this study, namely albumin,
ALT, AST, cholesterol, creatinine, GGT,
glucose, LDH, total bilirubin, total protein,
and urea.

These parameters provide information about
the status of the different organs and overall
body health of the individual.

The liver plays a crucial role in metabolic
hemostasis, itis involved in the detoxification
of many drugs and xenobiotics, protecting the
individual against injury from chemicals (13).
It is the first organ that receives ingested
nutrients and other absorbed exogenous
compounds through the portal vein (14).
Biochemical tests which monitor hepatic
integrity can be categorized into tests that
screen a) hepatocellular integrity, such as
AST and ALT, b) biliary excretory function,
such as serum bilirubin and GGT, and c)
hepatocyte function, such as measuring of
serum albumin and total protein (15, 16).
Results of serum biochemical tests revealed
no significant differences between the
different rat groups in the concentrations of
serum albumin, AST, ALT, bilirubin, and
GGT. These results show that the
administration of T. claveryi at different
concentrations did not have detrimental
effects on the hepatocytes or impair hepatic
secretory and excretory functions.

The liver primarily regulates blood glucose
and cholesterol levels. Therefore, this organ’s
injury results in the impairment of cholesterol
and glucose homeostasis (17).

The serum levels of glucose and cholesterol
were measured in our study, and the results
revealed no significant differences between
the control and treated groups. These results
also indicate the no toxic effect of brown
truffle on the liver of treated rats.

The kidneys play an essential role in the
homeostasis of body fluids and electrolytes
via the excretion and reabsorption of solutes
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and water, having a role in regulating blood
pressure and regulation of erythrocyte
synthesis (18). Serum levels of creatinine and
urea are usually monitored to assess renal
function (17).

The creatinine and urea levels in T. claveryi-
treated rats’ serum did not differ significantly
from the control group rats. These results
imply no observable adverse effect of brown
truffle’s methanolic extract on the treated rats’
renal tissue.

No significant difference was observed when
the level of LDH was compared between the
control and treated groups. LDH is an enzyme
that catalyzes the conversion of lactate to
pyruvate. It is present in many organs and
tissues such as the lungs, liver, kidneys, heart,
skeletal muscles, and erythrocytes.

It is routinely measured in toxicity studies
since high levels indicate tissue damage (19).
Our results indicate that the administration of
T. claveryi methanolic extract at the highest
used dose of 800 mg/kg did not cause
observable tissue damage and, hence, the
fungus does not cause tissue toxicity in rats.
Administration of brown truffle’s methanolic
extract did not alter weight gain, organ
weights, behavioral changes, and nervous
tissue toxicity.

No alterations in hematological parameters
and serum biochemistry were observed in the
treated rats. Furthermore, the vital organs’
histopathological examination did not show
noticeable pathological changes in the vital
organs. We conclude that the administration
methanolic extract of T. claveryi did not cause
subacute toxicity in Sprague-Dawley rats.
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