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ABSTRACT 
 

         The present study will give us deeper insights on the Syrian truffles which are 
one of the miracle of nature. Some components of Syrian truffle (Tuber brumale 
vittadini)  were estimated in terms of nutritional value. The effects of Syrian truffle (ST) 
 on the normal and onset of alloxan-induced diabetes in male Swiss albino mice were 
examined. It was observed that the mouse given orally extract of  ST (10 ppm for 12 
weeks) showed a significant decrease in the blood glucose level and glycosylated 
hemoglobin A1c of diabetic mice induced by intra-peritoneal injection of alloxan (50 
mg/ kg, i.p.) and significantly improved the glucose tolerance test.  Tuber brumale 
vittadini may normalize blood AST, ALT, creatinine and cholesterol in alloxan induced-
diabetic group. Histolochemical examinations were also done on liver and kidney.  
Oral administration of 10 ppm ST extract,3 times weekly  for 12 weeks of alloxan 
diabetic mice showed decrease in collagen fibers in liver and kidney tissues and  
increase in liver glycogen content whereas decreased glycogen in the kidney as 
compared with the control group. These findings revealed that extract of ST may have 
a potential benefit in the treatment of diabetes, play a role in its modulating hepatic 
and renal structural changes in diabetic Swiss albino mice  and may reduces the risk 
of diabetic complications.   
Keywords:- Syrian tuber, Tuber brumale vittadini,Hyperglycemia, Diabetes Mellitus 

and mice. 
 

INTRODUCTION 
 

          Truffles are the hypogenous fruiting bodies of Ascomycete fungi that 
live in symbiosis with roots of trees such as oaks, hazels, poplar (Harley and 
Smith, 1983) and some shrubs as Cistus (Fontana and Giovannetti 1979). 
Ectomycorrhizas develop Truffles belong to the genus Tuber. Earlier included 
in the order Tuberales, including hypogenous ascomycetes, they were re-
classified in the order Pezizales following phylogenetic studies (O’Donnell et 
al., 1997). Truffles also known as ―black diamonds‖ have been highly praised 
in the last 50 years because of their rarity and their complex aroma. There 
are more than 60 different kinds of truffles around the world (Hawksworth et 
al., 1995). Truffles are thought to be a ―miracle of nature‖ and have been 
since ancient times the ultimate in gastronomy because of their highly 
nutritional attributes. Recent studies have proven that some truffles contain 
ergosteroids, and ergosterol, the most widespread fungal sterol, and 
brassicasterol (Gao et al., 2001a; Harki et al., 1996) as well as volatile 
organic compounds in truffle aroma which is characteristically sulfurous 
(Zeppa et al., 2004; Menotta et al., 2004; Diaz et al., 2002, 2003). 
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         A truffle is a fungal fruiting body that develops underground and relies 
on mycophagy for spore dispersal. Almost all truffles are ectomycorrhizal and 
are therefore usually found in close association with trees. 
         There are hundreds of species of truffles, but the fruiting body of some 
(mostly in the genus Tuber) are highly prized as a food. Famed 18th century 
French gastronome Brillat-Savarin called these truffles "the diamond of the 
kitchen". Edible truffles are held in high esteem in French, Spanish, northern 
Italian and Croatian cooking, as well as in international haute cuisine. Tuber 
species are some of the most highly valued truffles, both gastronomically and 
economically (Hall & Yun 2002, Olivier et al. 1996). Some edible truffles have 
great food, health and economic, and have edible flavor with a distinct smell 
(Mandeel and Al-laith, 2007; Ammarellou, 2007). 

Diabetes mellitus (DM) is a group of metabolic disorders that result in 
hyperglycemia as a result of a  relative or absolute lack of insulin, or the 
actions of insulin on its target tissues or both (Srividya  and Shailendra, 
2008). Insulin deficiency in turn leads to chronic hyperglycemia with 
disturbances of carbohydrate, fat and protein metabolism. Diabetes is 
currently the seventh leading cause of death in the developed world. It is the 
most common endocrine disorder and by the year 2010, it is estimated that 
more than 200 million people worldwide will have DM and 300 million will 
subsequently have the disease by 2025 (Bastaki, 2005).  Diabetes is a 
worldwide chronic disease with variable prevalence. In adult-onset diabetes 
so called type 2 or non-insulin-dependent diabetes mellitus (NIDDM), the 
pancreas often makes enough insulin, but the body cells don’t efficiently 
respond to the insulin. People with diabetes cannot properly process glucose, 
the main fuel body uses for energy. As a result, glucose stays in the blood, 
causing blood glucose to rise. At the same time, however, the cells of the 
body starve for glucose.  Insulin is the mainstay for patients with type 1 
diabetes and it is also important in type 2 when blood glucose levels cannot 
be controlled by diet, weight loss, exercise and oral medications. Previous to   
the use of insulin, dietary measures were the major form of this treatment 
especially in many developing countries; this includes the traditional 
medicines derived from plants (Ayyanar, et al. 2008).  Also the high cost of 
diabetes, both in healthcare and quality of life, has led to a growing interest in 
alternative therapies for diabetes management. Several botanical 
supplements have been studied as potential therapeutic agents in the 
management of diabetes and its related complications. 

Medicinal plants used to treat diabetic conditions are of considerable 
interest and a number of plants have shown varying degrees of hypoglycemic 
and anti-hyperglycemic activity.  

 It is important to highlight that the most characteristic compounds of 
Tuber spp. are dimethylsulfide, 2-methylpropanal, 2-methylbutanal, 3 
methylbutanal, 2-methyl-1-propanol, 2-methyl-1-butanol and 3-methyl-1-
butanol.  Dimethylsulfide has been described as responsible for the detection 
of such fungi by dogs and flies (Talou, et al., 1990 and   Daniel  and  Habener  
2002) , and it might also have an antioxidant action (Sunda, et al, 2002). 
Moreover, dimethylsulfide produces the Tuber spp. Tyrosinase  reversible 
inhibition; this enzyme is involved in truffle development and differentiation 

http://www.searching.com.my/wiki/?title=Fruiting_body
http://www.searching.com.my/wiki/?title=Mycophagy
http://www.searching.com.my/wiki/?title=Ectomycorrhizal
http://www.searching.com.my/wiki/?title=Genus
http://www.searching.com.my/wiki/?title=Gastronomy
http://www.searching.com.my/wiki/?title=Jean_Anthelme_Brillat-Savarin
http://www.searching.com.my/wiki/?title=Haute_cuisine
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(Zarivi et al., 2003). Klandorf et al.,(1989) concluded that when Dimethyl 
sulfoxide was fed to female Non-obese onset diabetic mice on a purified AIN-
76 diet , diabetes was reduced to 36%. 

Glycosylated(or glycated) hemoglobin, measured as HbA1c is used as 
an index of mean glycemia in diabetes over the preceding two to three 
months i.e.life span of erythrocyte (Schwartz, 1995 and Thevarajah, et al. 
2009). The percentage of glycosylated hemoglobin in human blood depends 
on the concentration of glucose, the duration of glucose exposure to 
hemoglobin and the turnover of erythrocytes. Measuring glycated hemoglobin 
assesses the effectiveness of therapy by monitoring long-term serum glucose 
regulation (Larsen et al.,1990). The American Diabetes Association (ADA, 
2008) recommends keeping the HbA1c less than 7%. The ADA,(2008) 
reported that there is a 10% decrease in relative risk of microvascular 
complications, such as diabetic nephropathy or diabetic neuropathy, for every 
1% reduction in HbA1c. 

The present work   aimed to identify some components of the chemical 
content in terms of nutritional value of the Syrian truffles (Tuber brumale 
vittadini) and to study the possible hypoglycemic effect of its extract as a 
natural and safe anti-diabetic agent for normal and diabetic mice previously 
treated with alloxan by measuring the blood glucose levels, some blood 
parameters related to diabetes, glucose tolerance test, glycosylated HbA1c 
and histochemical study on the liver and kidney tissue for detecting glycogen 
and collagen fibers. 

 

MATERIALS AND METHODS 
 

Estimation of  some components of the Chemical Content of the Syrian 
Truffle  
             Some components of Syrian truffle were estimated in terms of 
nutritional value according to standard methods of AOAC, 1995 in the IDAC 
Laboratories Riyadh, Saudi Arabia. 
Preparation of Syrian truffls extract 
         Syrian truffles (ST)   or  Tuber brumale vittadini are characterized by a 
dark brown peridium of 4-6 cornered, flat, closely adjacent pyramidal warts   
(Fig.1). Syrian truffles were obtained from Syrian local market, truffles been 
crushed by the mill mixer Braun (Germany), and its extract was prepared 
using boiled   distilled water. The clear extract was   stored at 4°C. 
 Animals: 

40 male Swiss albino mice (3 months old, 25-30 g) were obtained 
from an inbred strain in the College of Veterinary Medicine, King Faisal 
University, Al-Hassa, Saudi Arabia. Mice were housed separately in stainless 
steel cages containing hard wood chips, five animals /cage. Mice were 
housed at room temperature (20-22C°). 
         Animals in all groups were given a basal diet composed of 60 % of 
ground corn meal, 15% ground beans, 10% wheat bran, 10% corn oil, 3% 
casein, 1% mineral mixture, and 1% vitamin mixture (Nelson and 
Halberg,1986). Water was given ad libitum. 
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Figure (1): showing Syrian truffle, Tuber bromale vittadini: A- surface 

view B- bottom view and C- lateral view.  X: natural size. 
 
Induction of experimental diabetes (control diabetic group): 
         Each animal in this group (10 males) was injected intraperitoneally with 
a single dose of 50 mg/kg b. wt. of alloxan (Takeshi et al., 1998; Alercon-
Aguilar et al., 2000 and Shenoy, 2000). Alloxan (C4 H2 N2 O4) also named 
2,4,5,6 (1H, 3H)-Pyrimidinetetrone. Random plasma glucose levels were 
measured to ascertain the diabetic status in different groups of mice. 
Experimental Design: 
         Animals were divided into 4 groups (10 males for  each). 
Group 1 was used as control mice (without alloxan & without ST). 
Group 2 was  used as control diabetic mice (alloxan without ST). 
Group 3 was   used as control ST (without alloxan with  ST).  
Group 4 was  used as treated diabetic mice with ST (alloxan and ST). 
         Distilled water was used as a negative control for group 1 and 2, control 
ST and diabetic groups were administrated orally 3 times weekly 10 ppm, for 
a period of 3 months for groups 3 and 4.  
         Mice were sacrificed at the end of three months to remove liver and 
kidney for histochemical study. 
Hematological studies: 
         Blood collection using the saphenous puncture (Hem et al., 1998) for 
blood sampling of the mouse (superficial veins of the hind limb).As a general 
rule, a blood volume equivalent to about 0.5% of the animal's body weight 
may be safely drawn, as a single sample (Wolfensohn and Lloyd 1994), and 
this can usually be repeated at fortnightly intervals without disturbances to the 
animal's hematological status. Fasting blood (12 hours) was collected from 5 
males weekly from each group for estimation of glucose and blood 
parameters. 
Determination of blood parameters:  
         Blood glucose levels and other blood parameters were determined 
using a dry chemistry blood analyzer (Reflotron plus, Roche, Germany) using 
Reflotron kites (Roche, Diagnostic GmbH D 1964224001 Mannheim, 
Germany) (James et al., 1988; Phillips et al., 1988 and Wadaan,2006) and 
hemoglobin A1C meter (NycoCard® Reader II, Oslo, Norway) (Jeppsson et 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Jeppsson%20JO%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
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al., 2002).  Glucose tolerance test was carried out using method  of 
Fischbach  and Dunning (2004). 
Preparation of histochemical slides: 
         Mice were observed regularly throughout the experiment. Any moribund 
or dead animals were removed and autopsied. All organs were examined, and 
tumours or other pathological changes were collected.  The liver and kidney 
were fixed in 1% neutral buffered formalin followed by processing in the 
routine technique of paraffin embedding and blocking. Paraffin sections of 4-6 
micrometers thick were prepared by microtome and then routinely stained with 
Masson's Trichrome Stain (MTS) for  detecting collagen fibers (Bancroft & 
Stevens,1990( and Periodic acid–Schiff Stain (PAS) for detecting 
Polysaccharides and glycogen (Pearse, 1985) and examined on light 
microscope for the histochemical  studies. 
Statistical Analysis: 
         All observations were first recorded in a notebook and entered into PC 
computer and verified by another person for accuracy of data entry. Values 
were expressed as mean ± SD (of 10 animals). The statistical analysis was 
performed using a Student T-test (two tailed) software program according to 
Flower and Cohen, (1997). P values of less than 0.05 were considered 
statistically significant.   

 

RESULTS 
 

          In this study we measured some components of the chemical content 
of the Syrian truffles (Tuber brumale vittadini) in terms of nutritional value, 
according to standered method of measuring AOAC, 1995. This estimation 
revealed  that, truffle have high nutritional value especially for diabetus, 
scince having low suger contents and high value of vitamins and minerals as 
showen in table (1).    

The blood glucose levels are recorded in table (2). The blood glucose 
levels (BGLs) of diabetic mice treated with ST extract were reduced in 
comparison with those control diabetic group.  Fasting BGLs (12 hours) were 
lowered significantly (p<0.05) after giving 10 ppm of ST extract 3 times 
weekly for 12 weeks. Also results  indicate that St improved postpradinal 
blood glucose level as ST caused  a significant decrease (P<0.05) in the 
blood glucose level at the end of the experiment as compared to control 
diabetic group. 

Oral administration of 10 ppm of ST extract 3 times weekly for a period 
of 12 weeks significantly improved the performance of alloxan diabetic mice 
in the glucose tolerance test (Table 3) and significantly decreased 
Hemoglobin A1c ratio (Table 4).  

Tuber brumale vittadini extract caused a significant decrease of serum 
or plasma AST (Aspartate aminotransferase), ALT 
(Alanineaminotransferase), creatinine and total cholesterol levels in the blood 
(Table 4). Also, these results suggested that ST possesses anti-diabetic 
effect in alloxan-induced diabetic mice.   

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Jeppsson%20JO%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
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Table (1): Chemical content in terms of nutritional value of the Syrian 
truffle (Tuber brumale vittadi): 

 (%) : percentage ratio   (mg / kg) : milligram per kilogram 
(IU / g) : International Units per gram 

 
Table (2): Effect of Syrian truffle (Tuber brumale vittadini) extract on the 

blood glucose level in normal and alloxan diabetic mice 
among 12 weeks. 

Groups 1 w 2
 
 w 4  w 6 w 8

 
 w 10 w 12 w 

1-Control mice group  
12 h Fasting blood glucose level (mg/dl) 

 
95± 
12 

 
101± 
6.2 

 
97± 
9.3 

 
105± 
8.4 

 
95± 
 9.8 

 
107±  
6.6 

 
102± 
5.5 

2h Postprandial blood glucose level  
(mg/dl)   

105± 
8.2 

109± 
9.6 

101± 
9.9 

116± 
7.3 

108± 
9.5 

112± 
6.9 

114± 
9.5 

2- Control ST extract group 
12 h Fasting blood glucose level (mg/dl) 

 
92± 
 8.3 

 
99± 
9.8 

 
97± 
11.2 

 
89± 
16.4 

 
95± 
14.1 

 
100± 
6.9 

 
96± 
8.7 

2h Postprandial blood glucose level   
(mg/dl) 

107± 
14.4 

114± 
23.5 

101± 
9.8 

106± 
12.9 

104± 
10.8 

110± 
15.7 

101± 
11.4 

3- Control diabetic group 
12 h Fasting blood glucose level(mg/dl) 

 
238± 
16.9 

 
249± 
11.4 

 
241± 
18.5 

 
231± 
19.6 

 
251± 
16 

 
246± 
23.7 

 
255± 
14.2 

2h Postprandial blood glucose level  
(mg/dl) 

322± 
15.3 

334± 
18.6 

337± 
17.6 

342± 
21.4 

361± 
14.8 

338± 
17.8 

354± 
10.5 

4- ST extract- diabetic group 
12 h Fasting blood glucose level(mg/dl) 

 
229± 
20.4 

 
236± 
17.7 

 
218± 
12.4 

 
210± 
19.5 

 
199± 
13.8 

 
193± 
16.9 

 
187*± 
13.6 

2h Postprandial blood glucose level 
(mg/dl) 

304± 
12.3 

299± 
17.6 

290± 
13.9 

276*± 
12.6 

280* 
±14.8 

271*± 
16.5 

255* 
±19.8 

 The data represent the mean  ± SD of 10 animals. 
*  P < 0.05    as compared with the corresponding value of the control diabetic group. 

 

Content Quantity 
Moisture (%) 9.35 
Crude Protein (%) 6.01 
Ether Extract (%) 0.80 
Ash (%) 3.48 
Crude  Fiber (%)  6.92 
Calcium (%) 0.88 
Phosphorus (%) 0.14 
Sodium (%) 0.023 
Potassium (%) 0.61 
Magnesium (%) 0.11 
Copper (mg / kg) 2.72 
Iron  (mg / kg) 130 
Manganese (mg / kg) 10.22 
Zinc (mg / kg) 23.31 
V. A (IU / g) 1.18 
V. E (mg / kg) 264.4 
V. D (IU / g) 059 
V. C (mg / kg) 26.10 
V. B1 (mg / kg) 10.10 
V.B2 (mg / kg) 8.40 
V. B6 (mg / kg) 9.10 
Niacin (mg / kg) 74.70 
Folic Acid (mg / kg) 6.50 
Reducing Sugar (%) 2.90 
Sucrose (%) 0.19 
Glucose (%) 0.27 
Fructose (%) 0.98 
Totale Sugar (%) 1.44 
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Table (3): Effect of treatment with Syrian truffle extract (10 ppm 3 times 
weekly for 12 weeks) on blood glucose levels (mg/dl) in 
alloxan diabetic mice  during glucose tolerance test. 

Time (minutes) Pre-treatment* (mg/dl) Post-treatment** (mg/dl) 

30 285±11.4 203±13.7 

60 396±20.1 240±9.4 

90 434±18.6 300±16.3 

120 410±19.5 260±14.5 

The data represent the mean ± SD of 10 animals. 
*    Blood glucose level before the initiation of treatment with ST extract 
** Blood glucose level after treating 12 weeks with ST extract 
 

Figure (1) Effect of Treatment with Tuber Extract (00 ml/kg Body weight for 12 

weeks on Blood Glucose level in alloxan diabetic mice during glucose tolerance test.
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Figure (2): Effect of Treatment with Syrian truffle extracts 10 ppm for 12 weeks 

on Blood Glucose level in alloxan diabetic mice during glucose 
tolerance test. 
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Table (4): Effect of Syrian truffle (Tuber brumale vittadini)  extract on 
some blood parameters in normal and alloxan diabetic mice  
among 12 weeks. 

Groups AST 
IU●/l 

ALT 
IU●/l 

Creatinin 
μmol/l 

Cholestrol 
mmol/l 

Hb A1c** 
mmol/l 

1-Control mice group  
1week  

 
99.7±18 

 
44.3 ± 14 

 
45.1± 11 

 
2.9± 0.5 

 
5.3±0.6 

After 12 week   95.1 ± 13 44.8 ± 7.6 47. 3±  6.1 2.8 ± 0.2 5.5± 0.6 

2-Control ST extract  group 
1week  

 
96.8 ± 7.1 

 
44. 2± 1.4 

 
42.3 ± 0.5 

 
2.7 ± 0.9 

 
5.1±0.9 

After 12 week  89.7 ± 5.8 43.5 ±0.5 36.3± 1.9 2.6 ± 0.4 4.8±0.8 

3-Control diabetic group 
1 week   

 
101 ± 8.9 

 
45.8± 6.7 

 
46. 4 ± 2. 1 

 
2.8 ± 0.9 

 
6.7±0.9 

After 12 week   168.7 ±18 74.8 ±4.6 79. 2 ± 3. 6 3.04± 0.6 17.1±0.8 

4- ST diabetic group 
1week  

 
99.6 ±18 

 
48.5± 6.6 

 
48.7 ± 4.3 

 
2.7 ± 0.5 

 
6.8±0.5 

After 12 week  119.5±15.1* 57.2± 1.4* 53.5 ± 6.2* 2.5 ± 0.9* 12.5± 0.4* 

The data represent the mean ± SD of 10 animals. *P < 0.05 as compared with the 
corresponding value of the control diabetic group.             

** Hg A1c: Glycosylated (or glycated) hemoglobin.
  

●
 International Units per Liter. 

 

The histochemical examination of the liver and kidneys showed the 
following:- 
Periodic acid Schiff’s (PAS) technique:- 
Liver: Examination of liver sections of control mice stained with periodic acid 
Schiff’s (PAS) technique showed the abundance of glycogen in the form of 
purple granules and particles at one side of the cytoplasm leaving the other 
one almost devoid of such material in the hepatocytes. The nuclei of the 
hepatocytes gave negative PAS reaction indicating the absence of glycogen. 
The hepatocytes at the peripheral regions appeared markedly rich with 
glycogen particles than pericentral ones (Fig. 3-A and B). Also histochemical 
examination of liver sections of control ST extract group stained with PAS 
(Fig.3-C and D) revealed the same appearance of control group. The 
histochemical examination of liver of diabetic rats showed pericentral 
depletion of the PAS +ve materials (Fig. 3-E and F). In the liver of diabetic 
rats treated with ST extract, the polysaccharides appeared more or less like 
control with the exception of some cells (Fig. 3- G and H). 
Kidney Examination of kidney sections of control mice stained with(PAS) 
technique showed the presence of polysaccharides in the form of PAS 
positive materials in the parietal and visceral walls of the Bowman’s capsule, 
capillaries of the glomeruli, basement membrane of the proximal and distal 
convoluted tubules and the brush border of the proximal convoluted tubules 
(Fig. 4-A and B). Also histochemical examination of kidney sections of control 
ST extract group stained with PAS (Fig. 4-C and D) revealed the same 
appearance of control group. Light microscopy of the kidney sections of 
diabetic mice showed an increase in the PAS +ve material in the mesangial 
cell and matrix of the glomeruli. The basement membranes of the proximal 
and distal convoluted tubules appear thicker as compared with the control 
one (Fig. 4-E and F). Examination of kidneys of the diabetic mice treated with 
ST extract indicated that the polysaccharides of kidneys appeared more or 
less as control (Fig. 4-G and H). 
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Masson's Trichrome Stain (MTS) technique: 
Liver: Examination of liver sections of control diabetic mice stained with 
Masson's Trichrome Stain (MTS) technique showed increase in the thickness 
of collagen fibers around the central vein in the form of light blue colour 
around the central vein (Fig. 5-E and F) as compared to normal control(Fig. 
5-A and B) and ST control group (Fig, C and D). whereas,  histochemical 
examination of liver of diabetic mice treated with ST extract showed remarked 
decrease in the collagen fibers and appeared more or less like control groups 
(Fig. 5- G and H). 
Kidney Examination of kidney sections of control mice stained with Masson's 
Trichrome Stain (MTS) technique showed the presence of normal thin layer 
of collagen fibers of (MAS) positive materials in the parietal and visceral walls 
of the Bowman's capsule, capillaries of the glomeruli, the basement 
membrane of the proximal and distal convoluted tubules (Fig 6- A and B).     
Examination of the kidney  of control ST extract group   showed the presence 
of normal collagen fibers of Masson trichrome (MAS)positive materials that 
appear more or less as control (Fig 6-C and D). While examination of kidney 
sections of control diabetic mice showed an increase in the MAS +ve material 
in the mesangial cell and matrix of the glomeruli. The basement membranes 
of the proximal and distal convoluted tubules appear thicker (Fig 6-E and F). 
Whereas histochemical examination of  kidneys of   diabetic mice that treated 
with ST extract showed remarked decrease in the collagen fibers and 
appeared more or less as control groups (Fig 6-G and H).  
  

DISCUSSION 

 
           In this study we measured some components of the chemical content 
of the Syrian truffles (Tuber brumale vittadini) in terms of nutritional value as 
showen in table (1).  This estimation revealed  the proportions of protein, 
carbohydrate, fat, ash, fiber and most vitamins, minerals less than found in 
various types of truffles in  Gulf, Egyptian, Saudi Arabia, Ghana and Iraq  
except for iron content was  higher in the tubers studied compared to the 
content of desert truffles in. Also  potassium, magnesium, calcium   and zinc 
and vitamin E contents  of ST was  higher as compared in   desert truffle in 
Saudi Arabia (Sawaya et al. ,1985; Al-Naama et al.,1988; Hashem and Al -
Obaid, 1996; Hussain and Al-Ruqaie,1999 and  Afoakwa and Sefa-Dedeh, 
2001). This indicated that, Syrian truffles have high nutritional value 
especially for diabetus, scince having low suger contents and high value of 
vitamins  and minerals as shown.   
           Results revealed that  ST extract ameliorates the fasting and 
postprandial blood glucose levels of alloxan diabetic mice were significantly 
reduced as compared with diabetic control results (Table 2). Also ST extract  
significantly lowered blood glucose level of   diabetic mice in the glucose 
tolerance test from 410±19. to 260±14..5mg/dl after 120 minutes without any 
medications (Table 3) and significantly decreased HbA1c ratio as compared 
with diabetic control results (Table 4). These results reveal the beneficial 
effect of ST in the diabetic mice and this agrees with previous studies  with 
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another hypoglycemic plant extract by Welihinda  et al.,  1982; Shibib  et al., 
1993; Sarkar  et al.,1996; Ahmed  et al., 1998; Blumenthal et al., 1998 and 
Yibchok-Anun  et al.,2006.  

Tuber brumale vittadini (ST) extract caused a significant decrease of 
AST, ALT, creatinine and cholesterol levels in the blood (Table 4).  ST extract 
lowered cholesterol levels in alloxan diabetic mice. The extract may exerted 
rapid protective effects against lipid peroxidation by scavenging of free 
radicals there by reducing the risk of diabetic complications. Also this may be 
due to antioxidants of ST extract. Higher content of vitamin E and Zinc in ST 
extract may be decreased AST, ALT, creatinine and cholesterol levels in the 
blood as reported by several authors (Jain and  Palmer, 1997; Jiatal  and 
Grundy, 1998 and  Zine et al., 2007)  

Syrian truffle extract has been shown to significantly improve glucose 
tolerance and improved fasting blood glucose levels. This may be due to 
increase both glucose uptake by tissues and liver glycogen storage as 
demonstrated via histochemical investigations (Fig. 3). Taylor, et al., (1993) 
reported that insulin stimulates glycogen synthesis in the liver and skeletal 
muscle. After a meal, the secretion of insulin from pancreatic β cells thus 
results in about 20% and 30% of the carbohydrate intake being stored in the 
form of glycogen in the liver and skeletal muscle, respectively. Defects in this 
process can therefore be a major contributor to postprandial hyperglycemia. 
Indeed, the glycogen contents of the liver and skeletal muscle are reduced in 
individuals with type 2 diabetes (Shulman, 1990 and Magnusson, et al., 
1992). These findings support the use truffle extract in glycogenolytic versus 
gluconeogenic flux in hepatic glucose production, and they demonstrate that 
glycogenolysis inhibitors may be useful in the treatment of type 2 diabetes as 
shown previously by  Martin, et al., (1998). 

Type 2 diabetes is a metabolic disorder characterized by insulin 
resistance as well as a progressive deterioration of pancreatic β-cell mass 
and function. The hypoglycemic effect of Syrian truffle may be mediated 
through stimulating synthesis and / or release of insulin from the beta cells of 
Langerhans or due to regeneration of pancreatic islet cells. This agrees with 
the previous studies by (Wang et al., 1994).  Syrian tuber may block the 
release of glucose in the blood stream and breaks down the barrier that 
prevents cells from using their own natural insulin and this anti-diabetic effect 
may be due to the increase in number of β cells by the pancreas, thereby 
improving ability to produce and release insulin, or may increase the number 
and activity of insulin receptors.  It has been shown by several studies that 
dimethylsulfide, 2-methylpropanal, 2-methylbutanal, 3 methylbutanal, 2-
methyl-1-propanol, 2-methyl-1-butanol and 3-methyl-1-butanol are most 
characteristic compounds of Tuber spp. (Talou, et al., 1990; Sunda, et al, 
2002; Zarivi et al., 2003). Klandorf et al.,(1989) concluded that when Dimethyl 
sulfoxide accelerates the uptake of dietary diabetogens into the beta-cell 
Non-obese onset diabetic mice. Daniel  and  Habener (2002) reported that, 
Dimethyl sulfoxide (DMSO), the most characteristic compounds of Tuber 
spp., may involve redistribution of intracellular compartments or a direct 
molecular interaction with a downstream target of the glucagon-like peptide 
1(GLP-1) receptor signaling pathway in the β-cell.  The authors showed that 
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DMSO may use as a therapeutic treatment in type 2 diabetes.  Buteau, 
(2008) concluded that, Glucagon-like peptide 1 (GLP-1), is a promising 
therapeutic agent in the treatment of diabetes. GLP-1   constitutes a novel 
class of anti-diabetes medications which address both the insulin secretion 
defect as well as the decline in β-cell mass.   

In general, increased hepatic glucose production, plus
 
decreased 

hepatic glycogen synthesis and glycolysis, are the
 
major symptoms in type 2 

diabetes that result in hyperglycemia,
 
and these would seem to be the 

consequence of the low glucokinase
 
activity and high glucose-6-phosphatase

 

in a diabetic state  (DeFronzo,  1988; Reaven, 1997 and  Guignot   & 
Mithieux  1999). 

Hepatic glucokinase is the most sensitive indicator of the glycolytic 
pathway in diabetes and its increase can increase the utilization of blood 
glucose for glycogen storage in the liver (Iynedjian, et al., 1988).  In the 
current study, supplementation of Syrian truffle extract may increase hepatic 
glucokinase. Also, hepatic glycogen reserves are important for whole-body 
glucose homeostasis and are markedly low in the diabetic state (Hornbrook, 
1970; Migliorini, 1971 and Whitton & Hems 1975). In the current study, the 
hepatic glycogen concentration was higher in the ST-diabetic group 
compared with the control diabetic group (Fig.3). The current results

 
suggest 

Syrian truffles play important role in preventing the progression of 
hyperglycemia, partly by increasing

 
hepatic glycolysis and glycogen 

concentration and/or by lowering
 

hepatic gluconeogenesis. This in 
concordance with the report of (Jung, et al., 2004). Also, McGarry, (1992) 
explained that chronic insulin deficiency and insulin insensitivity are the major 
causes of the decreased hepatic glucose utilization and increased glucose 
production in several animal models of type 2 diabetes, e.g., mice, because 
insulin decreases the hepatic glucose output by activating glycogen synthesis 
and glycolysis, and by inhibiting gluconeogenesis. 
            Our results showed that oral administration of ST extract for 12 weeks   
decreased blood glucose level and prevents the onset of complications and 
also delays progression of complications in diabetes. The ST extract acts as 
an essential trigger for both liver and kidney to revert to their normal 
metabolic homeostasis i.e., ST extract  possesses anti-diabetic, hepatic and 
renal protective effect in alloxan-induced diabetic mice. The liver and kidney 
exhibits numerous morphological and functional alterations during diabetes 
(Sochar,et al., 1985). Histochemical examination of liver of diabetic mice 
showed pericentral glycogen depletion (Fig. 3). Light microscopy of kidney 
sections of diabetic mice (Fig. 4) showed an increase in mesangial cell and 
matrix of glomeruli with increase in glycogen deposition and hyalinization of 
arterioles with thickened basement membranes of proximal and distal 
convoluted tubules. During diabetes liver shows enhanced catabolic 
processes such as glycogenolysis, lipolysis and proteolysis, which is the 
outcome of lack of insulin and/or cellular glucose in liver cells.  
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Figure (3): Photographs of sections of the liver show the polysaccharides (A 

and B): control mice showing the normal distribution, the glycogen 
particles accumulated at one side of the cytoplasm of hepatocytes 
leaving the other side almost devoid of such material. (C and D): liver of 
control mice treated with ST extract shows the polysaccharides appear 
more or less like control (E and F): liver of diabetic mice showed 
pericentral depletion of the PAS +ve materials, (G and H): liver of 
diabetic mice treated with ST extract shows the polysaccharides 
appear more or less like control with the exception of some cells. (PAS  
A,C,E and G, 150 X whereas B,D,F and H, 400 X). 
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Figure 4: Photographs of a section of the kidney show the polysaccharides 

Aand B): Kidney of control mice showed the presence of 
polysaccharides in the form of PAS positive materials in the parietal 
and visceral walls of the Bowman's capsule, capillaries of the 
glomeruli, the basement membrane of the proximal and distal 
convoluted tubules and the brush border of the proximal convoluted 
tubules, ,(C and D) Kidney of control mice treated with ST extract 
showed the presence of normal polysaccharides in the form of PAS  
positive materials that appear more or less as control ,(E and F) kidney 
of diabetic mice show an increase in the PAS +ve material in the 
mesangial cell and matrix of the glomeruli. The basement membranes 
of the proximal and distal convoluted tubules appear thicker, and (G 
and F): kidneys of the diabetic mice that treated with ST extract show 
the polysaccharides that appear more or less as control. (PAS  A,C,E 
and G,X150 whearase B,D,F and H, 400 X). 
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There is, however, an increase in glucose over-utilization and subsequent 
enhancement in glycogen synthesis, lipogenesis and protein synthesis 
(Meyer, et al., 1998). These changes may lead to serious microvascular renal 
complications, which involve a series of metabolic changes in the 
pathogenesis of diabetic nephropathy (Raju,et al.,2001). Our results indicated 
that treatment of diabetic mice with ST extract  prevented the alteration in 
liver and kidney weight and pathology with the return to their normal texture in 
agreement with previous studies (Raju,et al.,2001; Devi, et al.,2003and 
Neveen, et al.,2007). In diabetes, reactive oxygen species, several 
immunomodulatory factors and chronic inflammatory states can contribute to 
insulin resistance and liver injury. Recently, several reports have at least 
partially elucidated the cellular and molecular mechanisms underlying this 
inflammatory response (Cohn and Roth, 1996). 

The kidney exhibits a characteristic pattern of changes during diabetes 
(Sharma,et al., 2003). The increase in oxygen free radicals in diabetes could 
be primarily due to increase in blood glucose levels, which upon autoxidation 
generate free radicals and secondarily due to the effects of the diabetogenic 
agent (streptozotocin or alloxan)( Szkudelski,  2001).  

Syrian truffle extract decreased collagen fibers in liver and kidney 
tissues of diabetic mice (Fig 5 and 6) as compared with the control group. 
Collagen synthesis, in particular, is critical to the development of strength in a 
healing wound site. A healing progress, the number of proliferating fibroblasts 
and new vessels decreases; however, the fibroblasts progressively assume a 
more synthetic phenotype, and hence there is increased deposition of 
extracellular matrix ECM.  Collagen synthesis by fibroblasts begins early in a 
healing wound. Many of the same growth factors that regulate fibroblasts 
proliferation also participate in stimulating ECM synthesis. Collagen 
synthesis, for example, is induced by a number of molecules, including 
growth factors and secreted by leukocytes and fibroblasts. Net collagen 
accumulation, however, depends not only on increased synthesis but also on 
diminished collagen degradation. Ultimately, the granulation tissue 
scaffolding evolves into a scare composed of largely inactive, spindle-shaped 
fibroblasts, dense collagen, fragments of elastic tissues, and other ECM 
components (Vinay, et al., 1997).  

Prockop and  Kivirikko (1995) explained fibrosis or fibroplasias in two 
steps: (1) emigration and proliferation of fibroblasts in the site of injury, and 
(2) deposition of ECM by these cells. The recruitment and stimulation of 
fibroblasts is driven by the various growth factors include activated 
endothelium, but perhaps more importantly, they also include a variety of 
inflammatory cells. Macrophages, for example, are important cellular 
constituents of granulation tissue, responsible for clearing extracellular 
debris, fibrin, and other foreign matter at the site of injury and therefore 
promote fibroblast migration and proliferation. If the appropriate chemotactic 
stimuli are present, lymphocytes may also be present, and mast cells are 
increased in number; each of these can contribute directly or indirectly to 
fibroblast proliferation and activation. 
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Figure 5: Photographs of a section of the liver show collagen fibers: (A and B): 

liver of control mice showed the presence of normal collagen fibers of 
Masson trichrome (MAS) positive materials, (C and D): liver of control 
mice treated with ST extract showed the presence of normal collagen 
fibers of Masson trichrome (MAS)positive materials that appear more or 
less as control ,(E and F) liver of diabetic mice show an increase in the 
MAS +ve material in the central vein, and (G and H) : liver of the 
diabetic mice that treated with ST extract show the collagen fibers that 
appear more or less as control (MAS  A,C,E and G,X150 whearase B,D,F 
and H, 400 X). 
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Figure 6: Photographs of a section of the kidney show collagen fibers: (A and 

B): Kidney of control mice showed the presence of normal collagen 
fibers of Masson trichrome (MAS)positive materials in the parietal and 
visceral walls of the Bowman's capsule, capillaries of the glomeruli, the 
basement membrane of the proximal and distal convoluted tubules  ,(C 
and D) Kidney of control mice treated with ST extract showed the 
presence of normal collagen fibers of Masson trichrome (MAS)positive 
materials that appear more or less as control ,(E and F) kidney of 
diabetic mice show an increase in the MAS +ve material in the 
mesangial cell and matrix of the glomeruli. The basement membranes 
of the proximal and distal convoluted tubules appear thicker, and G and 
H : kidneys of the diabetic mice that treated with ST extract show the 
collagen fibers that appear more or less as control (MAS  A,C,E and 
G,X150 whearase B,D,F and H, 400 X 
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The conclusions of the present study are summarized as follows: - (1) one or 
more constituents of ST may be responsible for reducing blood glucose level 
in the alloxan diabetic mice.(2) the hypoglycemic effect of ST may be related 
to  the action of ST in  reducing the intestinal glucose absorption thereby 
helping to control the increase in postprandial blood sugar levels. (3) ST 
significantly improved the performance of alloxan diabetic mice in the glucose 
tolerance test and hemoglobin A1c ratio (4)   ST extract   caused a significant 
decrease AST, ALT, creatinine and cholesterol levels in the blood of alloxan 
diabetic group and (5) ST extract suppressing the oxidative stress together 
with converting liver and kidney pathology caused by diabetes to normal 
pattern. 
          These findings revealed that Syrian truffle may have a potential benefit 
in the treatment of diabetics and plays a role in the management of diabetes 
and reducing the risk of diabetic complications.  
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اتقددددددددددددددديميائي لتدددددددددددددددبرائي م مددددددددددددددد   اي   ددددددددددددددد  ائي دددددددددددددددبيم ائي يمددددددددددددددد 
(Tuber brumale vittadiniابييئ دد ات رمي ددد اع ددداا تددد ا م  ددد  اي ا)

اب ت اأعض ءائيف يئنائي بم يم ائي مض ءائي ص   ا يئءائي بلائي  يي
ا  ناع  سا ب ا**نج  اع اائيت  ي*اباإم

*ااا  مد ائيت دب ائيايئعمدد ابئة, مد  ا  د اع ددب ائيتد ئءابئيتت مد  اج  تدد ائي  دءا مصدل ائ ل دد ء ا
ائي     ائيتي م ائي تبيم .

ا ا   اع  ائيلمبئن اج  ت ا فيائيشمخ ا فيائيشمخ اج هبيم ا صيائيتي م . **ا  م ائيت ب ا
ا

ت الكمأة السورٌة من ناحٌةة القٌمةة الاذاةٌةة كمةا تناولةت  تناول هذا البحث  تقدٌر بعض مكونا         
 2جزء فً الملٌون 01اا(Tuber brumale vittadini)  الدراسة تأثٌر مستخلص الكمأة السورٌة

أسبوع عن طرٌق الفم على مستوى السةكر بالةدم لمجموعةة مةن الفةةران  01مرات كل أسبوع  ولمدة 
مجم/كجم من وزن الجسةم عةن طرٌةق  01 (دام  الألوكزان السلٌمة وأخرى المصابة بالسكري باستخ

وتشٌر نتاةج البحث إلةى  دور هةذا المسةتخلص فةً انخفةاض معنةوي  ) الحقن داخل الاشاء البرٌتونً
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ملحوظ فً مستوى السةكر بالةدم  كمةا أظ ةرت نتةاةج البحةث أٌسةام تحسةن ملحةوظ فةً منحنةى تحمةل 
الجلوكوز   وكذلك انخفاض معنوي ملحوظ فً مستوى سكر ال ٌموجلةوبٌن  فةً الةدم م كمةا أظ ةرت 

قةةةد أدى إلةةةى انخفةةةاض معنةةةوي ملحةةةوظ فةةةً مسةةةتوى  نتةةةاةج البحةةةث أن مسةةةتخلص الكمةةةأة السةةةورٌة
الكولسةةترول وتحسةةن لةةبعض قٌاسةةات الةةدم لوظةةاةب الكلةةى والكبةةد زالكرٌةةاتنٌن وا نزٌمةةات الناقلةةة 

كما تفٌد الدراسة الكٌمٌانسٌجٌة لأنسةجة الكبةد والكلةى بفاةةدة  مسةتخلص الكمةاة السةورٌة فةً  .للآمٌن(
لى للمجموعة المصابة بالسكري بواسطة الألوكزان من حٌةث تعدٌل الخلل الناتج فً أنسجة الكبد والك

وتدعم  نتاةج هذا البحث إلى التةأثٌر النةافل لمسةتخلص الكمةأة السةورٌة   والجلٌكوجٌن  ألٌاب الكولاجٌن
 .فً  المساعدة فً علاج مرض  السكري والتخفٌب من حدة مساعفاته

ا
ا   ا تل م ائي لث

 
 
 
 

ج  ت ائي نصبي ا–ايئع ا  م ائياع  اع  اع يائيه ييأ.يا/ا  
  فيائيشمخاج  ت ا–  م ائيايئع ااعطم امب فا يمط أ.يا/ا


