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ABSTRACT
Introduction: Ginkgo biloba extract (EGb) has been used for many years as a dietary supplement and as a 
herbal treatment for a wide range of diseases. However, it was found to be associated with adverse effects. 
Studies should be conducted to provide an information on its safety in medicine. 
Aim of the Work: The goal of this study was to investigate the effects of two different doses of EGb on the 
thyroid gland of the adult male albino rat on the functional, histological, histochemical and morphometric levels.
Material and Methods: Thirty adult male albino rats each weighing (200-250 g) were categorized into three 
equal groups. Group 1(control, n=10) were given distilled water. Group 2 (low dose, n=10) was given (100 mg 
EGb /kg b.w.). Group 3 (high dose, n=10) was given (200 mg EGb /kg b.w.). All the treatment was given orally 
by daily gavage for 4 weeks. At the designated time of the study, blood samples were taken for determination of 
serum (T3, T4 and TSH). After anesthesia, rats were scarified and thyroid lobes were dissected and processed 
for light and electron microscopic examinations. Follicular epithelial height, follicular diameter and colloid area 
% means of all groups were registered and compared. 
Results: EGb treated animals (groups 2 and 3)  demonstrated a significant decreased serum levels of T3 and 
T4 and a significant increase of TSH levels when compared to the control group. The follicular cells height 
was significantly increased, while the follicular diameter and colloid area % were significantly decreased in 
groups (2&3) on comparing to control. The EGb-treated animals showed histological changes in the form of  
irregular follicular cells, follicular cell hypertrophy and hyperplasia, deeply stained follicular nuclei, dilated 
profiles of rER and Golgi apparatus, mitochondrial and lysosomal alterations, vacuolated cytoplasm and dilated 
interstitial blood capillaries. These  changes were more pronounced in the group 3. While the follicular cells of 
the normally secretory active (control group) revealed a week basal lamina PAS reaction and a moderate colloid 
PAS reaction, the inactive follicles of groups 2 and 3 showed a moderate PAS reaction in the basal follicular 
lamina and a marked colloid PAS reaction. Our results demonstrated that EGb administration leads to a state of 
hypothyroidism.
Conclusion: Considerations should be taken in cases where the EGb is used as a necessary treatment.
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INTRODUCTION                                                            

A dietary supplement is a product that is 
intended to supplement the diet and contains a 
dietary ingredient as vitamins, minerals, herbs 
or any other botanicals U.S. Food and Drug 
Administration, (2011). 

Ginkgo biloba (ginkgo) is one of the world’s 
oldest living tree species. It is a unique tree 
with no close living relatives. The ginkgo 
tree has become popular as an ornamental 
tree and has been cultivated around the world                                                         
Chan et al. (2007). 

Various parts of the Ginkgo biloba plant 
have been used for food or medicine Kobayashi 
et al. (2011).  Ginkgo  seeds and leaves have 
been used in the Chinese and Japanese medicine 
for many thousand years Lin et al. (2014). The 
seeds were used to treat enuresis,  asthma, cough, 
pyogenic skin infections and intestinal tract 
worm infections Van Beek & Montoro, (2009). 
On the other hand, gikgo leaves were applied 
to treat asthma, bronchitis, fatigue and memory 
loss Dunnick & Nyska, (2013). Ginkgo extract 
(EGb) is one of the most widely sold products 
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in herbal dietary supplement  in many countries                                 
Lindstrom et al. (2013).

The active chemical constituents of the plant 
includes the potent antioxidants flavonoids and 
terpene lactones. Other constituents are ginkgolic 
acids, glucose, rhamnose and d-glucaric acid 
Mahadevan &Park, (2008).

EGb is taken from the leaves of the Ginkgo 
biloba tree as a neuroprotective agent, an 
antioxidant, a free-radical scavenger, a membrane 
stabilizer and  an inhibitor of platelet-activating 
promotes the  brain circulation and treats Tinnitus  
National Toxicology Program, 2012 and Hilton 
et al. (2013).

EGb is typically taken by humans in the form 
of tablets or capsules at doses ranging from 120 
to 240 mg/day for at least 6–8 weeks in order 
to observe and evaluate its efficacy and such 
dosages are not based on any scientific research      
Solaiman  & El Gazaerly, (2015). Even though the 
long-term administration of GBE did not improve 
some conditions.  Moreover, Gb products at the 
market  exhibited a wide range of component 
concentrations Laws et al. (2012) and Vellas                                                                                              
et al. (2012).  Except for a few countries, EGb is 
not subjected to the same standards of premarket 
testing as drugs intended to treat, cure, or prevent 
diseases. As such, the extract does not need 
approval from the Food and Drug Administration 
(FDA) before it is marketed Ashar et al. (2007).

Previous animal studies as those by Koç et al. 
(1995), Mahadevan and Park (2008) and Dardano 
et al. (2012) focused on its therapeutic effects with 
little spotlights on its toxicity. They  explored the 
antioxidant and anticancer potential of EGb.

Although EGb has long been used, there is not 
enough information to recommend its broad use 
and its long-term safety Rider et al. (2014). Nahin 
et al. (2009) recommended further investigations 
to define the clinical importance of the concomitant 
ginkgo use with medication, especially in elderly 
patients who consume multiple prescription 
drugs. Moreover, Miller (1998) noticed that 
herbal medicinal was being used by an increasing 
number of patients who typically do not advise 
their clinicians of concomitant use. He added that 
known or potential drug-herb interactions existed 
and should be screened for. Evans (2000) referred 
that ginkgo might alter bleeding time and should 
not be used concomitantly with warfarin sodium. 
Han et al. (2016) reported an allergic reaction 
case to ginkgo nut.

Zehra et al. (2010) and Rider et al. (2014) 
reported hepatotoxic effect and thyroid gland 
tumors in response to EGb intake. Solaiman 
and El Gazaerly (2015) studied the effect of 
EGb extract on the histological structure of the 
thyroid follicular cells on two different durations. 
They  reported that the  EGb effect on the 
thyroid follicular cells was with pronounced  the 
longer term EGb administration. Nasal lesions                                                                               
Sells et al. (2007) and toxic effects on reproductive 
function in female Elmazoudy & Attia, (2012) 
were observed. In addition, a study by He et al. 
(2009) showed that the EGb damaged red blood 
cells by increasing cell fragility, changing the 
cellular morphology and inducing glutathione 
depletion. The results of selected National 
Toxicology Program (NTP) 2-year rodent 
studies for commonly used herbal medicines 
including ginkgo declared side effects from its 
usage National Toxicology Program, (2013). 
There was clear evidence for a carcinogenic 
activity in the liver of male and female mice 
where the incidences of hepatocellular adenoma, 
hepatocellular carcinoma were increased U.S. 
Food and Drug Administration, (2011).

Thus, this study aimed to spotlight on the 
effects of  two different EGb oral doses in order to 
distinguish the histological, morphometrical and 
functional  thyroid gland responses to each dose. 
MATERIAL AND METHODS                                    
1. Chemicals

In the present study ginkgo biloba leaf 
powder extract (EGb) was obtained in the form 
of gelatin capsules manufactured by EIMC 
United Pharmaceuticals (for EMA Pharm 
Pharmaceuticals, Egypt) (24% ginkgo flavones 
glycosides - 6% total ginkgolides; lactones).
2. Animals

The study was performed on a total number 
of 30 adult male albino rats; weighing 200–250 g 
each. The animals were housed in separate cages 
(five rats per cage) under standard laboratory and 
environmental conditions with free access to food 
(commercial rat food) and tap water. They were 
obtained from the Animal House of the Faculty 
of Medicine, Assiut University. Animal handling 
and treatment were carried out in accordance with 
The Laboratory Animal Protection Law proposed 
guidelines and protocols.

3. Experimental design
The rats were divided into three equal groups 

(10 rats each) and treated once a day, as follows: 
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(1) Group 1 (control group; n=10): received 
distilled water (1ml/rat) orally by daily gavage; as 
a vehicle for 4 weeks.

(2) Group 2 (low dose group; n=10): 
received EGb at a dose of 100 mg/kg; orally by 
daily gavage for 4 weeks. This dose is equivalent 
to the human therapeutic dose Zehra et al. (2010)
and Solaiman  & El Gazaerly, (2015).

(3) Group 3 (high dose; n=10): received a 
dose of EGb 200 mg/kg; orally by daily gavage 
for 4 weeks Ashar et al. (2007).

Twenty-four hours after the last dose, rats were 
anaesthetized by intraperitoneal injection of 50 
mg/kg sodium pentobarbital Liu et al. (2007) to 
obtain blood samples from eye balls by capillary 
tubes then they were sacrificed by decapitation.

4. Hormonal assay 
Obtained blood samples were centrifuged at 

3000 rpm for ten minutes. Sera were separated 
and stored at -20°C until performing the hormonal 
assay. Total serum T3 and T4 levels and TSH 
were measured by radioimmunoassay (RIA) 
using commercial kits Abdel-Dayem & Elgendy, 
(2009). 

5. Histological study
After  intracardiac perfusion with the fixative 

solution (2% gluteraldehyde in phosphate buffer), 
the thyroid glands were removed together with a 
portion of the adjoining trachea. 

The right lobes of the thyroid gland of the 
animals were dissected, cut into small cubes 
(about 1mm3) and immediately fixed in 2% 
fresh gluteraldhyde at 4°C for 4 h. Thereafter, 
specimens were washed in 0.15 mol/l phosphate 
buffer, pH 7.4, for 2h (two changes), and then 
postfixed in 1% osmium tetroxide for 1h at 4°C. 
The specimens were dehydrated and embedded in 
epoxy resin. Semithin sections of 0.5μm thickness 
were cut using an ultramicrotome, stained with 
1% toluidine blue, and examined under a light 
microscope. Ultrathin sections (50–80nm) were 
cut using the ultramicrotome and stained with 
uranyl acetate and lead citrate Hayat, (2000). 
The sections were examined by a transmission 
electron microscope (TEM) (JEOL JEM-100 
CXII; Jeol, Tokyo, Japan) at the Assiut University 
Electron Microscopic Unit.

The left lobes of the thyroids were fixed in 
3.7% phosphate-buffered formalin (pH =7.2), 

dehydrated through an ethanol series and xylol 
and embedded in paraffin. 5µm-thick paraffin 
sections stained with hematoxylin/eosin (H&E) 
and Periodic Acid Schiff (PAS) Bancroft, (2007), 
were analyzed on Leica DMLB light microscope 
(Wetzlar, Germany). 

6. Morphometrical evaluation
With objective lenses of magnification 100  

of a light microscope connected to a computer 
provided with the image j program the slides 
were examined Irving et al. (2007). The thyroid 
follicular cell height mean was determined from 
toluidine blue-stained semi-thin sections. The 
mean diameter of thyroid follicles, which was 
calculated as (max transverse diameter+max 
diameter perpendicular to the first one divided by 
2) was measured in sections stained with H&E 
Rajab et al. (2015). Colloid area %  was assessed 
in PAS stained sections Shady & Noor El-Deen, 
(2010). For each parameter, ten readings per 
animal in each group were recorded.

Statistical analysis
Data from the hormonal assay, follicular 

epithelial height, follicular diameter  and colloid 
area % of all groups were expressed as means±SD. 
They were fed into the computer using statistical 
package for the social sciences (SPSS, version 
16; IBM SPSS, Chicago, Illinois, USA) software 
package.

Statistical analysis was carried out using one-
way analysis of variance and the post-hoc test 
(LCD) for pairwise comparison. The level of 
significance was set at a P value less than 0.05 

RESULTS                                                                  

I. Morphometrical Results

1. Hormonal assay
Animals of groups 2 and 3 (EGb treated 

groups) demonstrated a significant decreased 
serum levels of T3 and T4 and a significant 
increase of TSH levels when compared to the 
control group (Table 1).

2. Thyroid Morphometrical Results
The follicular cells height was significantly 

increased in both EGb treated groups (groups 
2&3), while the follicular diameter and colloid 
area % were significantly decreased in both on 
comparing to control (Table 2 and Histogram 1).
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3. Histological Results

1. Light microscopic results 
The thyroid gland of control animals (group 

1) consisted of thyroid follicles which appeared 
generally oval or rounded follicles lined by a 
single uniform layer of epithelium and filled 
with luminal acidophilic homogenous colloid. A 
bubbly or scalloping (knife chatters) appearance 
of the colloid was noticed. The follicles varied 
somewhat in size. The  microfollicles were 
lined with cuboidal cells. They exhibited large 
vesicular rounded nuclei. Some follicles contained 
endocytotic vacuoles. The macrofollicles were 
lined with flattened or low cuboidal cells. Normal 
parafollicular were seen within the follicular 
basement membrane and individual or clustered 
between follicles The interstitium was consisting 
of strands of connective tissue that pervaded the 
gland creating a lobular structure and containing 
blood capillaries (Figures 1&4). Basal lamina of 
follicular cells showed weak PAS reaction while 
colloid showed a moderate reaction (Figure 9). 

Histological examination of the thyroid gland 
of rats given low dose of EGb (group 2) revealed  
large follicles lined with irregular layer of 
follicular cells forming papillary projection into 
the follicular lumen. Follicles surrounded with 
irregular basal lamina were seen. Follicular cell 
hypertrophy and hyperplasia were noticed. The 
hypertrophy was characterized by enlargement of 
the follicular cells often assuming a tall columnar 
shape. Follicular hyperplasia was characterized 
by follicles lined with more than one layer of 
cells. Some follicular cells exhibited deeply 
stained nuclei or vacuolated cytoplasm. Separated 
cells from basal lamina were also observed. The 
luminal colloid appeared reduced in amount and 
contained desquamated cells.  Some follicles 
revealed empty lumina. Dilated numerous 
blood capillaries were seen in the interstitium                    
(Figures 2&5). Basal lamina of follicular cells 
showed a moderate PAS reaction while colloid 
showed a marked reaction (Figure 10). 

Sections of EGb high dose treated rats (group 
3) showed apparent histological alterations of the 
thyroid gland represented in a preponderance of 
the microfollicles over the macrofollicles and 
bizarre shaped follicles. Disorganized follicles 
with budding were seen. The basement membrane 
was disrupted in some views. Separated follicular 
cells from the basement membrane.  Follicular cell 
hypertrophy and hyperplasia were noticed. Some 

areas showed closely packed follicles with narrow 
lumina. The proliferation of follicular cells was 
sometimes associated with papillary projections 
into the follicular lumens. Some follicles showed 
deeply stained shrunken irregular nuclei and 
vacuolated cytoplasm. The colloid contained 
exfoliated cells or even absent in most of the 
follicles. The interfollicular connective tissue 
showed infiltration by fibroblasts, mononuclear 
cells and mast cells. The parafollicular cells 
showed a normal appearance  increase in number. 
Congested and dilated interfollicular blood 
capillaries were encountered (Figures 3&6-8). 
Basal lamina of follicular cells showed a moderate 
PAS reaction while the greatly decreased 
colloid content showed a marked PAS reaction                                                     
(Figure 11).

2. Electron microscopical results
Electron microscopy revealed that thyroid 

follicles of the control group were lined with 
a single layer of cuboidal follicular cells and a 
colloid-filled lumen. The cells were situated on a 
thin basal lamina. A dense meshwork of capillaries 
encircled the thyroid follicles. The cells exhibited 
regularly dispersed apical microvilli. The cells 
had regular, euchromatic and basally located 
nuclei, well-developed rough endoplasmic 
reticulum (rER), mitochondria, Golgi complex, 
secretory vesicles, ribosomes and lysosomes. 
Intercellular junctional complexes were observed. 
C (parafollicular) cells having no direct access to 
the lumen separated from thyroid interstitium by 
follicular basal lamina with no colloid droplets, 
but with regular, euchromatic and centrally 
located nucleus (N) with a prominent nucleolus 
(n), mitochondria (M), ribosomes (r) and small 
argyrophil, dense core secretory granules were 
depicted (Figures 12-14).

After EGb low dose-treatment, thyroid follicles 
were seen limiting a narrow irregular lumen with 
irregular and dispersed apical fuzzy-like microvilli 
and shortening or even loss of microvilli and 
containing desquamated cells. Irregularly-shaped 
follicular cells resting on an irregular basal lamina 
adjacent to dilated congested (engorged) blood 
capillaries and containing shrunken, irregular and 
hyperchromatic nuclei, dilated profiles of rER, 
dilated Golgi apparatus, vacuoles, electron dense 
mitochondria with disrupted cristae, lysosomes 
and secretory vesicles sometimes seen filling 
a large portion of the cytoplasm were noticed. 
Follicular cells with degenerated cytoplasm were 
also observed. More or less normal parafollicular 
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cell having no direct access to the follicular lumen 
with rounded euchromatic nucleus and clear 
cytoplasm revealing numerous small argyrophil, 
dense core secretory granules and mitochondria 
were observed (Figures 15-19). 

Transmission electron microscopic studies 
of the thyroid glands of group 3 rats showed 
morphological alterations. Follicular cells with 
fuzzy-like apical or abnormally absent microvilli 
and follicular lumen containing desquamated 
cells and/or papillary projection into the  lumen.  
Follicular cells resting on irregular basal lamina 
and dilated congested blood capillaries encircled 

the thyroid follicles as well were depicted.  
Hyperchromatic, abnormal shaped and sometimes 
eccentric irregular nuclei with prominent nucleolus 
were seen. Vacuolated cytoplasm, colloid-filled 
secretory vesicles, prominent dilated profiles of 
rER, obviously dilated Golgi apparatuses, many 
lysosomes and electron dense, irregular disrupted 
or swollen mitochondria were encountered.  On 
the other hand, more or less normal parafollicular 
cells having no direct access to the lumen, 
separated from the thyroid interstitium by 
follicular basal lamina and contained numerous 
small argyrophil, dense core secretory granules 
were noticed (Figures 20-25).

Table 1: T3, T4 and TSH serum means levels in the different groups

Group 1
(control) n=10

Mean ± SD

Group 2
(low dose) n=10

Mean ± SD

Group 3 
(high dose) n=10

Mean ± SD

P value

1 vs. 2 1 vs. 3 2 vs. 3

T3 ng/dL 54.36± 1.49 45.32± 0.79 39.88±1.19 0.000*** 0.000*** 0.000***

T4 ng/dL 66.60±1.10 59.44±0.85 49.73±1.12 0.000*** 0.000*** 0.000***

TSH µU/dL 34.28±1.08 36.30±1.60 46.02±1.13 0.000*** 0.000*** 0.000***

Table 2: Thyroid Morphometrical Results in the different groups

Group 1
(control) n=10

Mean ± SD

Group 2
(low dose) n=10

Mean ± SD

Group 3 
(high dose) n=10

Mean ± SD

P value

1 vs. 2 1 vs. 3 2 vs. 3

Follicular cells height (µm) 9.07±1.64 17.66±3.67 23.90±4.72 0.003** 0.000*** 0.017*

Follicular diameter (µm) 84.60±12.85 60.00±11.59 44.22±5.66 0.003** 0.000*** 0.035*

Colloid area % 65.10±3.88 48.19±12.80 26.11±14.24 0.035* 0.000*** 0.009**

Histogram 1: Follicular cells height (µm), follicular diameter (µm) and Colloid area % in control (Group 1),  EGb low dose treated 
(Group 2) and EGb high dose treated (Group 3) animals
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Fig. 1: A photomicrograph of  control animals thyroid gland 
(group 1) showing oval and rounded thyroid follicles lined by 
a single uniform layer of epithelium and filled with luminal 
acidophilic homogenous colloid (C). A bubbly or scalloping 
(knife chatters) appearance of the colloid (curved arrow) 
was noticed. The follicles varied somewhat in size: the  
microfollicles (I) were lined with cuboidal cells exhibiting 
large vesicular rounded nuclei (←) and the macrofollicles 
(A) were lined with flattened or low cuboidal cells (→). 
The interstitium (*) was consisting of strands of connective 
tissue that pervaded the gland containing blood capillaries (↑) 
and normal parafollicular cells were seen clustered between 
follicles (arrowhead). H&E, ×400.

Fig. 2: A photomicrograph of  EGb low dose treated  rats thyroid 
gland (group 2) showing large follicle (F) lined with irregular 
layer of follicular cells (↑) forming papillary projection (↓) 
into the follicular lumen. Follicular cell hypertrophy (curved 
arrow) and hyperplasia (O) were noticed. The luminal colloid 
appeared reduced in amount and contained desquamated cells 
(←).  Some follicles revealed empty lumina (→). Dilated 
blood capillaries (arrowhead) were seen in the interstitium (*). 
H&E, ×400.

Fig. 3: A photomicrograph of  EGb high dose treated  
rats thyroid gland (group 3) showing follicles of varying 
diameters with a preponderance of the microfollicles (I) 
over the macrofollicles (A).  The basement membrane was 
disrupted (→) in some views.  The interfollicular connective 
tissue showed infiltration by mononuclear cells (arrowhead). 
Parafollicular cells (↓) were noticed. Congested and dilated 
interfollicular blood capillaries were encountred (←). H&E, 
×400

Fig. 4: A photomicrograph of control rats thyroid gland 
(group 1) showing (group1) thyroid follicles filled with 
luminal homogenous colloid (C). The  follicles were lined 
with cuboidal cells with large vesicular rounded nuclei (→). 
Some follicles contained endocytotic vacuoles (←). Normal 
parafollicular cells were seen within the follicular basement 
membrane (↓) and individual (arrowhead) or clustered (curved 
arrow) between follicles. The interstitium was consisting 
of strands of connective tissue pervaded the gland (*) and 
containing blood capillaries (↑). Touilidine blue, ×1000
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Fig. 5: A photomicrograph of  EGb low dose treated  rats 
thyroid gland (group 2) showing follicles surrounded with 
irregular basal lamina (←). Other follicles were encased by 
hypertrophied (↑) and vacuolated (arrowhead) cytoplasm. 
Some follicular cells exhibited deeply stained nuclei (→). 
Separated cells from basal lamina (↓), empty lumen (L) and 
numerous blood capillaries (curved arrows) were noticed. 
Touilidine blue, ×1000

Fig. 6: A photomicrograph of  EGb high dose treated  rats 
thyroid gland (group 3) showing disorganized follicle with 
multiple budding (*).  The proliferation of follicular cells was 
associated with papillary projections (↑) into the follicular 
lumen (FL). Other  follicles showed deeply stained nuclei (→) 
and vacuolated cytoplasm (arrowhead). The interfollicular 
connective tissue showed  infiltration by fibroblasts (←), 
mononuclear cells (↓) and mast cells (curved arrow). 
Touilidine blue, ×1000

Fig. 7: A photomicrograph of  EGb high dose treated  rats 
thyroid gland (group 3) showing disorganized bizarre-shaped 
closely packed follicles (*),  with narrow lumina (L), separated 
follicular cells from the basement membrane (→). Follicular 
cell hypertrophy (←) and hyperplasia (↓↓) was noticed. 
Deeply stained shrunken follicular nuclei (arrowhead) were 
seen. The follicular lumen contained exfoliated cells (curved 
arrow).  Touilidine blue, ×1000

Fig. 8: A photomicrograph of  EGb high dose treated  rats 
thyroid gland (group 3) showing bizarre-shaped follicle.  
Follicular cell hypertrophy (↓), deeply stained (curved arrow), 
irregular (arrowhead) and shrunken (→) follicular nuclei, 
vacuolated cytoplasm (←) and absent luminal colloid (FL) 
were noticed. Touilidine blue, ×1000
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Fig. 9: A photomicrograph of thyroid gland of a control  group 
(group 1) showing a moderate PAS reaction in the colloid (C) 
and a weak reaction in the basement membrane (→).  PAS,  
×1000

Fig. 10: A photomicrograph of thyroid gland of  EGb low dose 
treated  rats (group 2) showing a marked PAS reaction in the 
reduced-amount colloid (C) and a moderate reaction in the 
basement membrane (→). PAS,  ×1000

Fig. 11: A photomicrograph of thyroid gland of  EGb high 
dose treated  rats (group 3) showing marked PAS reaction 
in the greatly reduced-amount colloid (C) and a moderate 
reaction in the basement membrane (→).  PAS,  ×1000

Fig. 12: An electron micrograph of thyroid follicles of control 
group (group 1) showing a single layer of cuboidal follicular 
cells and a colloid-filled lumen (C). The cells were situated on 
a thin basal lamina (B). A dense meshwork of capillaries (Bc) 
encircled the thyroid follicles. The cells exhibited regularly 
dispersed apical microvilli (m). The cells had regular and 
euchromatic nuclei (N), parallel cisterns of well-developed 
rough endoplasmic reticulum (R), mitochondria (M), Golgi 
complex (G), secretory vesicles (S) and lysosomes (L). 
Intercellular junctional  complexes (J) were   observed.  ×5800

Fig. 13: An electron micrograph of thyroid follicles of control 
group (group 1) showing cuboidal follicular cell situated 
on a thin basal lamina (B) and a colloid-filled lumen (C). 
Blood capillaries (Bc) encircled the thyroid follicles. The 
cells exhibited regularly dispersed apical microvilli (m). 
The cell contained regular, euchromatic and basally located 
nucleus (N), well-developed rER (R), mitochondria (M), 
Golgi complex (G), secretory vesicles (S), ribosomes (r) 
and lysosomes (L). Intercellular junctional  complex (J) was 
observed.  ×7200
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Fig. 14: An electron micrograph of thyroid follicles of control 
group (group 1) showing parafollicular cell (P)  having 
regular, euchromatic and centrally located nucleus (N) with 
a prominent nucleolus (n), mitochondria (M), ribosomes (r) 
and small argyrophil, dense core secretory granules (→). 
Notice the no colloid droplets parafollicular cell was separated 
from thyroid interstitium blood capillaries (Bc) by a thin 
basal follicular lamina (B). An adjacent follicular cell (F) and 
intercellular junctional  complexes (J) were depicted.  ×7200

Fig. 15: An electron micrograph of  EGb low dose treated  
rats thyroid gland (group 2) showing a thyroid follicle 
limiting a narrow irregular lumen (FL) with irregular and 
fuzzy-like microvilli (m) and shortening or even loss of 
microvilli (↑). Desquamated cells (→) were noticed in the 
lumen. Hyperchromatic nucleus (N), dilated profiles of rER 
(R), Golgi apparatus (G), mitochondria with disrupted cristae 
(M), lysosomes (L) and vesicles  filling a large portion of the 
cytoplasm (V) were noticed. An irregular basal lamina (B) 
adjacent to a dilated blood capillary (Bc) was depicted. ×5800

Fig. 16: An electron micrograph of  EGb low dose treated  
rats thyroid gland (group 2) showing follicular cell (F1) with 
hyperchromatic nucleus (N1), dilated Golgi (G), lysosomes 
(L) and electron dense mitochondria (M).  Follicular cell (F2) 
with irregularly shaped, hyperchromatic and shrunken nucleus 
(N2) and degenerated cytoplasm (→) was observed. Irregular 
basal lamina (B) and congested blood capillary (Bc) were 
seen. ×5800

Fig. 17: An electron micrograph of  EGb low dose treated  
rats (group 2) thyroid gland showing follicular lumen (FL)  
containing desquamated cells  (D), loss of microvilli (→). 
Irregular follicular nucleus (N), vacuoles (V), lysosomes (L) 
and secretory vesicles were seen. ×5800
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Fig. 18: An electron micrograph of EGb low dose treated  
rats thyroid gland (group 2) showing follicular cell lumen 
(FL) with dispersed apical microvilli. An engorged  blood 
capillary encircled the thyroid follicles (Bc). More or less 
normal parafollicular cell (P) having no direct access to the 
follicular lumen (FL) with rounded euchromatic nucleus (N1) 
and clear cytoplasm revealing numerous small argyrophil, 
dense core secretory granules (→) and mitochondria (M). An 
adjacent follicular cell (F) with hyperchromatic nucleus (N2) 
and electron dense cytoplasm (←) was noticed.  ×5800

Fig. 19: An electron micrograph of  EGb low dose treated  
rats thyroid gland (group 2) showing follicular cells resting 
on irregular basal lamina (B) adjacent to blood capillary 
(Bc).  Follicular cell (F1) having an irregularly outlined 
nucleus (*) with condensed chromatin (N1), vacuoles (V) and 
mitochondria (M), follicular cell (F2) containing condensed 
chromatin (N2) and cisterns of rough endoplasmic reticulum 
(R) and follicular cell (F3) containing rER (R) and lysosomes 
(L).  ×7200

Fig. 20: An electron micrograph of  EGb high dose treated  
rats thyroid gland (group 3) showing  hyperchromatic nucleus 
(N), vacuolated cytoplasm (V), an obviously dilated profiles 
of rER (R), dilated Golgi apparatus (G), lysosomes (L)  and 
electron dense mitochondria (M). ×5800

Fig. 21: An electron micrograph of EGb high dose treated 
rats thyroid gland (group 3) showing follicular cell (F) with 
abnormal shaped nucleus (N),  fuzzy-like apical microvilli (m) 
and a follicular lumen (FL) containing desquamated cells (D). 
More or less normal parafollicular cell (P) having no direct 
access to the lumen, separated from the thyroid interstitium 
by follicular basal lamina (B) and contained numerous small 
argyrophil, dense core secretory granules (→). An engorged 
blood capillary (Bc) encircled the thyroid follicles. ×5800
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Fig. 22: An electron micrograph of  EGb high dose treated  
rats thyroid gland (group 3) showing follicular cell having 
irregular, hyperchromatic and eccentric nucleus (N) with 
prominent nucleolus (n),  papillary projection  (→) into the  
lumen (FL), colloid filled secretory vesicles (S) , vacuolated 
cytoplasm (V), lysosomes (L), a prominent dilated rER (R) 
and swollen disrupted mitochondria (M). An irregular basal 
lamina (B) and dilated blood capillary (Bc) were encountered. 
×5800

Fig. 23: An electron micrograph of  EGb high dose treated  
rats thyroid gland (group 3) showing hyperchromatic nucleus 
(N), vacuolated cytoplasm (V), a prominent dilated rER (R), 
dilated Gologi apparatus (G), lysosomes (L) and electron 
dense mitochondria (M). ×7200

Fig. 24: An electron micrograph of  EGb high dose treated  
rats thyroid gland (group 3) showing papillary projection of 
the follicular cell (arrowhead) into the lumen (FL), irregular 
microvilli (←), abnormally absent microvilli (→), vacuolated 
cytoplasm (V), many lysosomes (L) and swollen disrupted 
mitochondria (M).  ×7200

Fig. 25: An electron micrograph of  EGb high dose treated  
rats thyroid gland (group 3) showing follicular cell resting 
on irregular basal lamina (B), hyperchromatic nucleus (N), 
irregular disrupted mitochondria (M), vacuolated cytoplasm 
(V) and dilated congested blood capillary (Bc) as well. ×7200



269

Bushra

ACKNOWLEDGMENTS                                             

The author thanks Dr. M. Nthmy, for his help 
in the hormonal assay.

CONFLICT OF INTERESTS                             

There are no conflicts of Interest.

REFERENCES                                                           

Abdel-Dayem M. M.  and Elgendy M. S. 
(2009): Effects of chronic  estradiol treatment 
on the thyroid gland structure and function of 
ovariectomized rats. Research Notes; 2:173.

Ashar B. H., Rice T. N. and Sisson S. D. (2007): 
Physicians’ understanding of the regulation of 
dietary supplements. Arch Intern Med; 167:               
966-969.

Bancroft J. D. (2007): Gamble M. Theory 
and practice of histological techniques. 6th ed. 
London: Churchill Livingstone; pp. 179. 

Biggs M. L., Sorkin B. C., Nahin R. L, Kuller 
L. H. and Fitzpatrick A. L. (2010): Ginkgo 
biloba and risk of cancer: secondary analysis of 
the Ginkgo Evaluation of Memory (GEM) study. 
Pharmacoepidemiol Drug Saf; 19:694-698. 

Brix K., Linke M., Tepel C. and Herzog V. 
(2001): Cysteine proteinases mediate extracellular 
prohormone processing in the thyroid. Biol. 
Chem.; 382:717-725.

Capen C. C. (1996): Toxic response of the 
endocrine system. In: Klaassen CD, Amudr MO, 
Doull J, editors. Casarett and Doull’s toxicology. 
The basic science of poisons. 5th ed. New York: 
McGraw-Hill; pp. 807-880.

Chan P. C., Xia Q. and Fu P. P. (2007): Ginkgo 
biloba leave extract: Biological,medicinal, and 
toxicological effects. J. Environ. Sci. Health C 
Environ.Carcinog. Ecotoxicol. Rev.; 25: 211-244.

Dardano A., Ballardin M., Caraccio N., Boni 
G., Traino C., Mariani G., Ferdeghini M., 
Barale R. and Monzani F. (2012): The effect 
of Ginkgo biloba extract on genotoxic damage 
in patients with differentiated thyroid carcinoma 
receiving thyroid remnant ablation with 
iodine-131. Thyroid; 22(3):318-324.

Dunnick K. J. and Nyska A. (2013): The 
Toxicity and Pathology of Selected Dietary Herbal 
Medicines. Toxicologic Pathology; 41: 374-386.

Duntas L. H., Orgiazzi J. and Brabant G. 
(2011): The interface between thyroid and 
diabetes mellitus. Clin. Endocrinol.; 75:1-9.

Ekor M. (2014): The growing use of herbal 
medicines: issues relating to adverse reactions 
and challenges in monitoring safety. Front 
Pharmacol.; 4:177.

Elmazoudy R. H. and Attia A. A. (2012): 
Efficacy of Ginkgo biloba on vaginal estrous and 
ovarian histological alterations for evaluating 
anti-implantation and abortifacient potentials in 
albino female mice. Birth Defects Res. B. Dev. 
Reprod. Toxicol.; 95:444-459.

Evans V. (2000): Herbs and the brain: friend or 
foe? The effects of ginkgo and garlic on warfarin 
use. J. Neurosci. Nurs.; 32(4):229-232.

Field J. M. (2010): The actin cytoskeleton and cell 
survival. In: Anninos, P., Rossi, M., Pham, T.D., 
Falugi, C., Bussing, A., Koukkou, M. (Eds.), . In: 
Recent Advances in Clinical Medicine. WSEAS 
Press, Cambridge UK, pp: 322-330.

Gawron G. A., Marek .P, Chanaj J. and 
Matławska I. (2010): Comparative analysis 
of pharmaceuticals and dietary supplements 
containing extracts from the leaves of Ginkgo 
biloba L. Acta Pol. Pharm.; 67:335-343.

Giuliani C., Bucci I., Di Santo S., Rossi C., 
Grassadonia A. and Piantelli M. (2014): The 
flavonoid quercetin inhibits thyroid-restricted 
genes expression and thyroid function. Food 
Chem. Toxicol.; 66:23-29.

Han E. J., Park H. L. and  Kim S. H. (2016): 
Allergic Reaction to Ginkgo Nut on FDG PET/
CT. Clin. Nucl. Med.; 41(9):716-717. 

Harvey C. J., Thimmulappa R. K., Singh A., 
Blake D. J., Ling G. and  Wakabayashi N. 
(2009): Nrf2-regulated glutathione recycling 
independent of biosynthesis is critical for cell 
survival during oxidative stress. Free Radic. Biol. 
Med.; 46:443-453.

Hayat M. A. (2000): Principles and techniques of 
electron microscopy: biological applications. 4th 
ed. Edinburgh, UK: Cambridge University Press; 
pp: 37-59.

He J., Lin J., Li J., Zhang J .H., Sun X. M. and 
Zeng C. M. (2009): Dual effects of Ginkgo biloba 
leaf extract on human red blood cells. Basic Clin. 
Pharmacol. Toxicol.; 104:138-144.

Hill R. N., Crisp T. M., Hurley P. M., Rosenthal 
S. L. and Singh D. V. (1998): Risk assessment 
of thyroid follicular cell tumors. Environ Health 
Perspect; 106:447-457.



270

EFFECTS OF GINKGO BILOBA EXTRACT ADMINISTRATION ON THE THYROID GLAND

Hilton M.P., Zimmermann E.F. and Hunt W.T. 
(2013): Ginkgo biloba for tinnitus. Cochrane 
Database Syst Rev, 3.

Irving B. A., Weltman J. Y., Brock D. W., Davis 
C. K., Gaesser G. A. and Weltman A. (2007): 
NIH Image J and Slice-O-Matic computed 
tomography imaging software to quantify soft 
tissue. Obesity (Silver Spring); 15(2):370-376.

Kanno J., Nemoto T., Kasuga T. and Hayashi 
Y. (1994): Effects of a six-week exposure to 
excess iodide on thyroid glands of growing and 
nongrowing male Fischer-344 rats. Toxicol. 
Pathol.; 22:23-28.

Klein I. and Danzi S. (2007): Thyroid disease 
and the heart. Circulation; 116:1725-1735. 

Kobayashi D., Yoshimura T., Johno A., 
Sasaki K. and Wada K. (2011): Toxicity of 
4′-O-methylpyridoxine- 5′-glucoside in Ginkgo 
biloba seeds. Food Chem.; 126:1198-1202.

Koç R. K., Akdemir H., Kurtsoy A., Paşaoğlu 
H., Kavuncu I., Paşaoğlu A. and Karaküçük I. 
(1995): Lipid peroxidation in experimental spinal 
cord injury. Comparison of treatment with Ginkgo 
biloba, TRH and methylprednisolone. Res. Exp. 
Med. (Berl.); 195(2):117-123.

Krassas G. E., Poppe K. and Glinoer D. (2010): 
Thyroid function and human reproductive health. 
Endocr. Rev.; 31:702-755.

Kuehnel W. (1997): Endocrine Glands. Color 
Atlas of Cytology, Histology, and Microscopic 
Anatomy 4th edition, Thieme Stuttgart· New 
York;pp:262-267.

Kumar K., Kole A. K., Karmakar P. S. and 
Ghosh A. (2012): The spectrum of thyroid 
disorders in systemic lupus erythematosus. 
Rheumatol. Int.; 32:73-78.
Laws K. R., Sweetnam H. and Kondel T. K. 
(2012): Is Ginkgo biloba a cognitive enhancer 
in healthy individuals? A meta-analysis. Hum. 
Psychopharmacol.; 27:527-533.
Lin H., Guo X., Zhang S., Dial S. L., Guo L. and 
Manjanatha M.G. Moore M. M. and Mei N. 
(2014): Mechanistic evaluation of Ginkgo biloba 
leaf extract-induced genotoxicity in L5178Y cells. 
Toxicol. Sci.; 139:338-349.
Lindstrom A., Ooyen C., Lynch M. E. and 
Bluementhal M. (2013): Herb supplement sales 
increase 5.5% in 2012: Herbal supplement sales 
rise for 9th consecutive year; turmeric sales jump 
40% in natural channel. Herbal Gram; 99:60-65.

Liu Z., Aronson J., Wahl E. C., Liu L., Perrien 
D. S., Kern P. A., Fowlkes J. L., Thrailkill K. 
M., Bunn R. C., Cockrell G. E., Skinner R. A. 
and Lumpkin C. K. (2007): A novel rat model 
for the study of deficits in bone formation in type-
2 diabetes. Acta Orthopaedica; 78(1):46-55.

Long M., Kruger T., Ghisari M. and Bonefeld-
Jorgensen E. C. (2012): effects of selected 
phytoestrogens and their mixtures on the function 
of the thyroid hormone and the aryl hydrocarbon 
receptor. Nutr. Cancer; 64:1008-1019.

Mahadevan S. and Park Y. (2008): Multifaceted 
therapeutic benefits of Ginkgo biloba L.: 
Chemistry, efficacy, safety, and uses. J. Food Sci.; 
73:14-19.

Malaguarnera R., Vella V., Vigneri R. and 
Frasca F. (2007): p53 family proteins in thyroid 
cancer. Endocr. Relat. Cancer; 14:43-60.

Meston C. M., Rellini A. H. and Telch M. J. 
(2008): Short- and long-term effects of Ginkgo 
biloba extract on sexual dysfunction in women. 
Arch. Sex. Behav.; 37:530-547.

Miller L. G. (1998): Herbal medicinals: selected 
clinical considerations focusing on known or 
potential drug-herb interactions. Arch Intern Med. 
9; 158(20):2200-2211.

Mizukami Y., Michigishi T., Nonomura A., 
Hashimoto T., Tonami N., Matsubara F. 
and Takazakura E. (1993): Iodine-induced 
hypothyroidism: a clinical and histological 
study of 28 patients. J. Clin. Endocrinol. Metab.; 
Feb;76(2):466-471.

Nagarathna P. and Jha D. (2013): Study on 
antithyroid property of some herbal plants. Int. J. 
Pharm. Sci. Rev. Res.; 23:203-211.

Nahin R. L., Pecha M., Welmerink D. B., Sink 
K., DeKosky S. T. and Fitzpatrick A. L (2009): 
Concomitant use of prescription drugs and dietary 
supplements in ambulatory elderly people.  Ginkgo 
Evaluation of Memory Study Investigators. J. Am. 
Geriatr. Soc.; 57(7):1197-1205. 

Nakazawa T., Murata S., Kondo T., Nakamura 
N., Yamane T., Iwasa S. and Katoh R. (2008): 
Histopathology of the thyroid in amiodarone-
induced hypothyroidism. Pathol. Int.; 58:55-58.

National Toxicology Program (2012): NTP 
toxicology and carcinogenesis studies of Ginkgo 
biloba extract CAS No. 90045-35-6) in F344/N 
rats and B6C3F1 mice (Feed Studies). Natl. 
Toxicol. Progr. Tech. Rep. Ser.; 578:1-224.



271

Bushra

National Toxicology Program (2013):  Technical 
Report On The Toxicology And Carcinogenesis 
Studies Of Ginkgo Biloba Extract (Cas No. 
90045-36-6) In F344/N Rats And B6c3f1/N Mice 
(Gavage Studies)  NIH Publication No.13:5920.

O’Connor J. C., Frame S. R., Davis L. G. and 
Cook J. C. (1999): Detection of thyroid toxicants 
in a tier I screening battery and alterations in 
thyroid endpoints over 28 days of exposure. 
Toxicol. Sci.; 51:54-70.

Rajab N., Ukropina M. and Cakic-Milosevic M. 
(2015): Histological and ultrastructural alterations 
of rat thyroid gland after short-term treatment with 
high doses of thyroid hormones. Saudi Journal 
of Biological Sciences; (Article in press) http://
dx.doi.org/10.1016/j.sjbs. 2015.05.006

Rider C. V., Nyska A., Cora M.C., Kissling 
G.E., Smith C., Travlos G. S., Hejtmancik 
M., Fomby L. M., Colleton C. A., Ryan M. 
J., Kooistra L., Morrison J. P. and Chan P. 
C. (2014):  Toxicity and carcinogenicity studies 
of Ginkgo biloba extract in rat and mouse: liver, 
thyroid, and nose are targets. Toxicol. Pathol.; 
42(5):830-843.

Ronowicz J., Kupcewicz B. and Budzisz E. 
(2013): Chemometric analysis of antioxidant 
properties of herbal products containing Ginkgo 
biloba extract. Cent. Eur. J. Biol.; 8:374-385.

Sells D. M., Brix A. E., Nyska A., Jokinen 
M. P., Orzech D. P. and Walker N. J. (2007): 
Respiratory tract lesions in non inhalation studies. 
Toxicol. Pathol.; 35:170-177.

Shady A. M. and Noor El-Deen F. I. (2010): 
Effect of Chlorpyrifos on Thyroid Gland of 

Adult Male Albino Rats Egypt. J. Histol.;                                       
33(3): 441 - 450

Solaiman A. A. and El Gazaerly H. M. (2015): 
Ginkgo biloba, friend or foe of thyroid follicular 
cells of adult male albino rats: a histological 
study. The Egyptian Journal of Histology; 38 (4): 
637-648.

Suzuki K., Kawashima A., Yoshihara A., 
Akama T., Sue M., Yoshida A. and Kimura 
H. J. (2011): Role of thyroglobulin on negative 
feedback autoregulation of thyroid follicular 
function and growth. J. Endocrinol.; 209:169-174.

U.S. Food and Drug Administration (2011): 
Regulatory Framework of DSHEA of 1994. 
http://www.fda.gov/ NewsEvents/ Testimony/ 
ucm115163. htm.

Van Beek T.A. and Montoro P. (2009): Chemical 
Analysis And Quality Control Of Ginkgo Biloba 
Leaves, Extracts, and phytopharmaceuticals. J. 
Chromatogr. A; 1216: 2002-2032.

Varela P., Tapia G., Fernandez V. and Videla 
L. A. (2006): The role of thyroid hormone 
calorigenesis in the redox regulation of gene 
expression. Biol Res; 39:611-617. 

Vellas B., Coley N., Ousset P. J., Berrut G., 
Dartigues J. F. and Dubois B. (2012): Longterm 
use of standardised Ginkgo biloba extract for the 
prevention of Alzheimer’s disease (GuidAge): 
a randomised placebo-controlled trial. Lancet 
Neurol.; 11:851-859.  

Zehra U., Tahir  M. , Jaffery F. H. and Lone  
K. P. (2010): Ginkgo biloba effects on mice fetal 
liver. Int. J. Morphol.; 28(3):765-770.



272

EFFECTS OF GINKGO BILOBA EXTRACT ADMINISTRATION ON THE THYROID GLAND

تأثيرات تناول مستخلص جنكوبيلوبا على الغدة الدرقية للفأر الأبيض الذكر 
البالغ : دراسة  هستولوجية، هستوكيميائية ومورفومترية

رينيه رفعت بشرى
قسم التشريح الآدمى وعلم الأجنة-   كلية الطب – جامعة أسيوط

 ملخص البحث
المقدمة: يستخدم مستخلص الجنكوبيلوبا منذ العديد من السنوات كمكمل غذائى وعلاج عشبى لمدى واسع من الأمراض. ومع ذلك وجد أنه 

مرتبط بتأثيرات سلبية. لذلك وجب إجراء دراسات للحصول على معلومات عن سلامة استخدامه فى مجال الطب.

الهدف من الدراسة : فحص التأثير الناتج عن تناول جرعتين مختلفتين من مستخلص الجنكوبيلوبا على الغدة الدرقية لذكور الفئران البيضاء 

البالغة على المستوى الوظيفى والهستولوجى والهستوكيميائى والمورفومترى.

المواد المستخدمة وطرق الفحص: لقد استخدم ثلاثون من ذكور الفئران البيضاء البالغة و التى تزن )200 – 250 جم( و قسمت إلى ثلاث 

مجموعات متساوية. المجموعة الأولى )المجموعة الضابطة ،عشر فئران( أعطيت ماء مقطر. المجموعة الثانية )الجرعة المنخفضة ،عشر 

الثالثة )الجرعة المرتفعة ،عشر فئران( وقد أعطيت  فئران( أعطيت 100مجم من مستخلص جنكوبيلوبا /كجم من وزن الجسم. المجموعة 

200مجم مستخلص جنكوبيلوبا /كجم من وزن الجسم. كل العلاج تم إعطاؤه يوميا بواسطة أنبوب المعدة و لمدة أربعة أسابيع وفى الميعاد 

المحدد من الدراسة أخذت عينات الدم لتحديد نسب هرمونات ثلاثى يودو ثيرونين و الثيروكسين والهرمون المنبه للدرق.  بعد التخدير تمت 

التضحية بالفئران وأخذت فصوص الغدة الدرقية و تمت معالجتها و فحصها بالميكروسكوب الضوئى و الالكترونى. ثم تم تسجيل و مقارنة 

ارتفاع الخلايا الجريبية و الاقطار الجريبية و النسبة المئوية لمساحة المادة الغروانية فى كل المجموعات.

النتائج: أظهرت الفئران المعالجة  بمستخلص الجنكوبيلوبا نقصَا معنوياَ فى مستوى هرمونىَ ثلاثى يودو ثيرونين و الثيروكسين مع زيادة 

معنوية فى مستوى الهرمون المنبه للدرق عندما قورنت بالمجموعة الضابطة. و لقد اظهرت الأقطار الجريبية و النسبة المئوية لمساحة المادة 

الغروانية نقصَا معنوياَ فى المجموعتين الثانية و الثالثة عندما قورنت بالمجموعة الضابطة. هذا و قد أظهرت الحيوانات المعالجة بمستخلص 

الجنكوبيلوبا تغيرات هستولوجية فى صورة عدم انتظام و تضخم و فرط تنسج الخلايا الجريبية و زيادة صبغة أنويتها مع اتساع  كل من : الشبكة 

الهيولية الباطنة الخشنة و جولجى و تغيرات فى الميتوكوندريا و الليسوسومات و تجوفات فى السيتوبلازم و اتساع فى الشعيرات الدموية. و لقد 

لوحظ أن التغيرات كانت أكثر وضوحا فى المجموعة الثالثة. بالنسبة إلى  الخلايا الجريبية للمجموعة الضابطة ذات الإفراز الطبيعى أظهرت 

الصفائح القاعدية تفاعلا ضعيفا بينما أظهرت المادة الغروانية تفاعلا متوسطا لملون شيف . أما الخلايا الجريبية للمجموعتين الخاملتين الثانية 

.)Schiff( و الثالثة فلقد أظهرت الصفائح القاعدية تفاعلا متوسطا بينما أظهرت المادة الغروانية تفاعلا قويا لصبغة

الخلاصة: تناول مستخلص الجنكوبيلوبا يؤدى إلى قصور فى إفراز الغدة الدرقية.


