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Role of xylo-oligosaccharides in relieving ol

complications accompanied to carbimazole
drug administrated with 1% saline in female
Wistar rats

Doaa S. Foda'” and Shaimaa A. Nour?

Abstract

Background Ameliorating the complications of pharmaceutical drugs by natural compounds or probiotics is now
a medical strategy. The anti-thyroid drug carbimazole was reported to cause some complications as liver and kid-
neys dysfunction besides the harmful effect on the structure of the thyroid gland in addition to weight gain dur-
ing thyroid treatment. The aim of the present work was suggesting xylo-oligosaccharides extracted from Aspergillus
terreus xylanase degradation of xylan for the first time as a candidate for ameliorating some of the drug-associated
complications.

Results The present work reported that the administration of carbimazole drug only to female Wistar rats for three
weeks leads to significant decrease in serum levels of ALT, AST and urea (p < 0.05) which reflected a status of a lazy
liver. On the other hand, there was a significant increase in serum levels of total protein content, creatinine and cal-
cium (p<0.05). A detected non-significant decrease in serum T4 accompanied with significant increased levels of T3
(p<0.05) and a normal serum TSH were observed in this group compared to the control group. Histological examina-
tions on liver, kidneys and thyroid tissues revealed the effect of the drug on their cells shape which reflected the mal-
function of these organs. Co-administration of xylo-oligosaccarides to carbimazole in rats significantly improved
most of the changed serum parameters levels in addition to a marked modulation in the histological examination

of both the liver and kidney tissues. More histological modulations were displayed in the thyroid tissues than those
observed in liver and kidneys tissues.

Conclusion Accordingly, it can be concluded that xylo-oligosaccarides extracted from Aspergillus terreus xylanase
degradation of xylan are suggested to be a safe therapy in ameliorating carbimazole drug-associated complications.

Keywords Carbimazole-Aspergillus terreus xylanase-Xylo-oligosaccharides, Body organs structure and functions

1 Background
Hyperthyrodism is a disease characterized by the over
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compound of the drug that acts finally on the thyroid
gland and causes a hypothyroid case [2-6].

Knudsen et al. [7] reported that slightly differences in
the thyroid functions can affect the body mass index and
cause obesity. Body weight gain is one of the main side
effects that exists during the treatment of hyperthyroid-
ism and reaching a hypothyroid case. Gradual increase
in body weights is associated to thionamides therapy in
hyperthyroid human cases [8—10].

This gain in body weights can be attributed to the
altered metabolism in the body cells due to the changed
and decreased thyroid hormones levels. This case can
be accompanied to the change in appetite and energy
homeostasis [8]. Another important side effects are also
observed during hyperthyrodism treatment by CBZ/
MMZ such as liver and kidneys dysfunction due to tissue
organs necrosis and degeneration [11-14]. A recent study
denoted that carbimazole drug affected the lipogenic
gene expression in liver cells of hyperthyroid patients
leading to abnormal lipid profile [15].

Many studies were performed to inspect the effect of
CBZ/MMLZ on the thyroid gland structure. Ahmed et al.
[16] studied the effect of MMZ administrated to rats for
a month on the thyroid structure recording many histo-
logical distortions in the thyrocytes. Recently, Hossain
et al. [17] denoted many histochemical and histological
changes in the thyroid gland of rabbits treated with carbi-
mazole for a period of a month.

Xylo-oligosaccharides (XOS) are oligosaccharides
formed by the linking from 2 to 7 xylose molecules by
B-1,4-glycosidic bonds. They are obtained from the
byproducts of grains. Researchers reported that XOS
exert many beneficial biological activities such as anti-
oxidant, anti-inflammatory and antimicrobial properties
besides its wide range in preventing diseases mainly car-
diovasucular and endocrine ones [18].

The aim of our study was to explore the effect of XOS
extracted from Aspergillus terreus xylanase degradation
of xylan [19] as a co-administrator to carbimazole drug to
ameliorate the drug’s associated complications in female
Wistar rats.

2 Methods

2.1 Extraction and preparation of XOS

2.1.1 Production of Aspergillus terreus xylanase

In the current study, XOS was prepared by the enzymatic
hydrolysis of beech wood xylan polymer (Sigma, USA)
using xylanase prepared in our laboratory. The used xyla-
nase in the current study was prepared according to Nour
et al. [19], in which Ricinus communis waste was fer-
mented under solid-state fermentation using Aspergillus
terreus RGS Eg-NRC (accession number MW282328). In
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brief, (1 g/flask) of Ricinus communis, moistening agent
(3 ml), corn steep (1%), KH,PO, (6.5 g/l), glucose (4%),
inoculum (3 ml), and incubation period at 30 °C for 11
days.

After incubation on an orbital shaker (150 rpm) for
1 h, the fermented substrate was extracted with 50 ml
distilled water and centrifuged at 5000 rpm at 4 °C for
10 min. The enzyme analysis was performed on the gen-
erated supernatant [19].

2.1.2 Enzyme, protein estimation and purification
of xylanase

Xylanase activity was assayed according to Bailey et al.
[20] by incubating 0.5 ml of diluted enzyme extract and
0.5 ml of 1% (w/v) xylan from beech wood (Sigma, USA)
solution in 50 mM sodium phosphate buffer pH 5.8 at
50 °C for 30 min; the enzyme reaction was stopped by
adding 3.0 ml of DNSA (3,5-dinitrosalicylic acid was
obtained from Pan Reac, Barcelona, Spain) reagent and
boiling for 5 min. After cooling, the xylose sugar emit-
ted was detected at 540 nm. One unit of xylanase activity
(U) is defined as the quantity of xylanase that releases 1
mol of xylose per mL of crude enzyme extract per min-
ute. Protein content was determined according to Lowry
et al. [21]. Bovine serum albumin was used as a standard
and followed by enzyme purification by fractional pre-
cipitation using ammonium sulfate. The fraction 60—-70%
ammonium sulfate is used in the hydrolysis of xylan.

2.1.3 Hydrolytic conditions
for xylo-oligosaccharides production

The ability of the produced enzyme to hydrolyze beech
wood xylan polymer was performed in 250-ml screw-
caped bottles in which 100 ml of 2% xylan (in 50 mmol/l
phosphate buffer pH 5.8, enzyme solution (5 U/ml)) was
carried out at 40 °C for 3 h of incubation. The reactions
were stopped by boiling for 10 min to denaturation of the
added enzyme followed by centrifugation for 10 min at
7000 rpm (4 °C) and then air drying of the clear super-
natant. The amounts of reducing sugar of hydrolysis
products were detected using DNSA methods. Hence,
the hydrolysis product patterns were determined by thin-
layer chromatography (solvent system and spraying agent
as in Adachi et al. [22]).

2.2 Invivo research

2.2.1 Animals

Healthy female Wistar albino rats weighing between 100—
130 g were bought from the animal house’s breeding unit
at National Research Centre, Giza, Egypt. The animals
were housed at controlled temperature and humidity lev-
els and fed a standard pellet rodent diet and unlimited
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access of water. Animals were weighed weekly till the end
of the experiment. The experiment was carried out under
the granted permission of the medical ethical committee
of the National Research Centre (No. 18157).

2.2.2 Drug dose preparation

Carbimazole tablets (5 mg) was purchased from the phar-
macy and dissolved in 1% saline. The dose of the drug
(83 mg/kg b.w) was prepared equivalent to the amount
of the drug that contains 0.02% methimazole. The drug
dissolved in saline was added to drinking water for rats.

2.2.3 Experimental design
The animals were divided into four groups (6 animals for
each group).

Group 1: Rats were given orally carbimazole (83 mg/
kg b.w) dissolved in 1% saline in drinking water for three
weeks.

Group 2: Rats were given orally carbimazole (83mg/
kg b.w) dissolved in 1% saline and xylo-oligosaccharide
(0.12 g/kg) [23] in drinking water for three weeks.

Group 3: Rats were administrated 1% saline in drinking
water for three weeks.

Group 4: Rats served as normal control with no
supplementations.

2.2.4 Preparation of serum

During the duration of the experiment, the body weights
were recorded every week. At the end of treatment period,
blood samples were drawn from the animals via punctur-
ing the retro-orbital venous plexus with a thin sterilized
capillary tube then the rats were dissected by dislocation.
Blood specimens were centrifuged at 4000 rpm for 10 min
for serum preparation. Serum was then separated and was
stored at — 20 °C for biochemical analysis.

2.2.5 Biochemical studies

Biochemical serum parameters were determined as
reported by Foda et al. [24].Total serum calcium was cal-
orimetrically determined according to Gindler and King
[25]. Thyroid hormones were detected as described by
the manufacture kit.

2.2.6 Histological examinations

Tissues samples were fixed in neutral 10% buffered for-
malin at room temperature. After fixation, tissues were
dehydrated through graded alcohol solutions and embed-
ded in paraffin. Sections (4 pm thickness) were stained
with hematoxylin and eosin and examined under a light
microscope for histopathological analysis [26].
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2.2.7 Statistical analysis

Results were presented as mean data+S.D of the dif-
ferent groups. One-way ANOVA test was run by using
SPSS (Statistical Package for the Social Sciences) pro-
gram (version 7.5) for checking the significance between
groups. A statistical significance difference was detected
at p<0.05.

3 Results

3.1 Xylo-oligosaccharides extraction results

The hydrolysis of xylan from beech wood by Aspergil-
lus terreus xylanase was done after 3 h. The amount of
reducing sugars released was 15.11 mg/ml. In addition,
various sizes of oligosaccharides were detected by thin-
layer chromatography (Fig. 1) and these results agreed
with our previous paper [19].

3.2 Biochemical results
3.2.1 Effect on body weight
The effect of the administration of carbimazole drug only
and xylo-oligosaccarides co-administration for three
weeks on the body weight of rats was shown in Table 1.
Significant increasing levels represented by (28, 26.3 and
26.04%) were found in carbimazole administrated group,
the co-administrated group and the normal control
group, respectively, with respect to their corresponding
initial weights.

No increase in body weights but a slight non-signifi-
cant decrease (— 4%) was observed in the control group

X1

X2

-
-_
—

X4

XOS

Fig. 1 TLC plate of hydrolysis product of xylan by Aspergillus terrus
xylanase at 3 h. X1: mono, X2: Di, X3: Tri, X4: Tetra, lane 1: XOS:
(xylo-oligosaccharides). TLC: Thin-layer chromatography
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Table 1 Effect of carbimazole drug and xylo-oligosaccharides co-administration on body weight of female rats

Parameters Groups

Carbimazole (positive)

Carbimazole& and xylo-

1% saline control Normal control

oligosaccarides co-administration

(Treated)
Initial bd.wt 97.8+10.6& 99+9.77& 133£12.13 124.25+5.80
Final bd.wt after 3 weeks 13743+£1237%& 1345+14.07*& 128+9.65& 168+7.04%
% Change compared to initial bd.wt +28 +26.3 -4 +26.04

Data represented as mean = S.D. P significant at p <0.05

P*significant to corresponding initial bd.wt while p% significant to the normal control gp

administrated 1% saline compared to its corresponding
initial body weight during the period of the three weeks.

3.2.2 Effect on serum liver and kidney functions

Serum liver and kidney functions of carbimazole drug
administration and the co-administration of carbima-
zole and xylo-oligosaccarides for female rats were dem-
onstrated in Table 2. There was a significant marked
increase in serum total proteins, total calcium and cre-
atinine levels and a marked significant decrease in ALT,
AST and urea serum levels in the group of rats adminis-
trated carbimazole only (positive group) with respect to
the normal control group.

Compared to the carbimazole (positive) group,
decreasing significant levels of serum total protein and
creatinine were observed in the group administrated car-
bimazole and xylo-oligosaccarides (treated group). Also
a marked significant promotion was observed in serum
levels of AST.

Non-significant recovery was observed in serum levels
of ALT and total calcium.

Elevated significant serum urea levels were observed in
the treated group compared to the significant decreased
levels noticed in the positive group.

3.2.3 Effect on serum thyroid related hormones
Results in Table 3 showed the variable serum levels of T4
among groups in association to nearly constant values of
serum TSH and serum T3 except in the group adminis-
trated CBZ/MMZ only in which T3 levels were increased
significantly compared to the normal control group.

Serum T4 was decreased non-significantly in CBZ/
MMZ administrated group compared to the control
group. Also a significant decrease in serum T4 level was
observed in the co-administrated group compared to
CBZ/MMZ administrated group.

Non-significant decrease in serum T4 level was
recorded in the group of rats administrated saline com-
pared to normal control group.

3.3 Histopathological examinations
3.3.1 Histopathological effects on the liver
Light microscopic observation of the hepatic tissues of
the control and saline groups showed normal hepato-
cytes with rounded prominent nuclei and eosinophic
cytoplasm and few spaced hepatic sinusoids arranged
in between the hepatic cords around the central veins
(Figs. 2 and 3).

In the group receiving carbimazole drug, only the
most pronounced histological abnormalities observed

Table 2 Effect of carbimazole drug and xylo-oligosaccharide co-administration on serum liver and kidney functions in female rats

Groups parameters Carbimazole (positive)

Carbimazole and xylo-oligosaccarides 1% saline control

Normal Control

co-administration (treated)

ALT (U/ ml) 11624059 12.89+0.69 12.65+0.94 13.98+141°
AST (U/ml) 4500+ 5> 545+15% 64.5+0.20 55.33+5%
Total protein (g/dl) 103400154 8.32+0.065*°¢ 74240254 7.95+0.057%04
Urea (mg/dl) 16.75+5.06% 69.06+12.42*0¢ 2566+ 11.64° 4057 +2.68"¢
Creatinine (mg/dl) 1.185+0,0022<4 0.77+0.148° 0.925+0.003° 0.931+0031°
Total calcium (mg/dl) 15.1540.25° 14504030 13.55+0.05 12.80+2.00°

P?significant to 1% saline gp
P’ significant to positive gp

P significant to normal control gp

24 significant to treated group
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Table 3 Effect of carbimazole drug and xylo-oligosaccharides co-administration on thyroid related hormones in female rats

Parameters Groups
Carbimazole (positive) Carbimazole& and xylo-oligosaccarides 1% saline control Normal Control
co-administration (treated)
TSH (ulU/mL) 0.02+0.01 0.015£0.005 0.02+0.001 0.02+0.01
T4 (nmol/l) 8130+207" 39.95+4.15P¢ 6340+ 11 99.30+33.10"
T3 (nmol/l) 6413 245+0.15P 22+0.10 2.59+0.29°

Data represented as mean =S.D. P significant at p <0.05
PP significant to positive group while p° significant to the normal control group

hepatic architecture. central vein (CV), hepatocytes (H), blood
sinusoids (S) and nucleus (N)

Fig. 3 A photomicrograph of rat liver of 1% saline control group
showing hepatic architecture, central vein (CV), hepatocytes (H),
blood sinusoids (S) and nucleus (N)

were degeneration changes with eosinophilic cytoplasm
necrotic areas associated with focal mononuclear cell
infiltration, and dilated sinusoidal, deeply pyknotic nuclei
with mild activation of Kupffer cells (Fig. 4).

¥ : A
Fig.4 A photomicrograph of rat liver of carbimazole drug
only administrated group showing degeneration changes
with eosinophilic cytoplasm necrotic are as associated with focal
inflammatory cells (arrowhead) and dilated sinusoidal (S), deeply
pyknotic nuclei (P)

The liver of the group co-administrated carbimazole
and xylo-oligosaccrides showed ameliorative effect with
little degeneration of hepatocytes, enlargement of sinu-
soids and minimum activation of Kupffer cells (Fig. 5).

3.3.2 Histopathological effects on the kidney

The sections of the control and saline groups of kidneys
showed normal structural of glomerulus, urinary space,
renal tubules both proximal convoluted tubules and dis-
tal convoluted tubule (Figs. 6 and 7).

The histopathological examination section of the kid-
ney tissues in rat administrated carbimazole drug only
showed degenerative changes in of glomeruli and tubules.
Shrinkage of large number of glomeruli, mild dilatation
of urinary space and lymphocytic infiltration in the inter-
stitium. Also, some renal tubules showed coagulation
necrosis with pyknotic nuclei with diffused hemorrhage
was observed (Fig. 8).

In section of the group, co-administrated carbimazole
drug and xylo-oligosaccrides showed remarkable restora-
tion and retained normal appearance of renal tubules and
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Fig. 5 A photomicrograph of rat liver of the co- administration

of carbimazole drug and xylo-oligosaccride group showing
ameliorative effect with few inflammatory cells (arrowhead), dialated
sinusoids (S)

Sl AL e "' . I )
Fig. 6 A photomicrograph of rat kidney of control group showing
normal structure of the glomerulus (G), urinary space. (US) tubules (T)

glomerulus with a prominent urinary space with slight
lymphocytic infiltration in the interstitium (Fig. 9).

3.3.3 Histopathological effects on the thyroid gland

The thyroid gland of the control and saline group, reveal-
ing normal thyroid architecture with variable follicles
lined with cuboidal follicular epithelium with rounded
nuclei and the follicular lamina, is filled with homoge-
nous acidophilic colloid (Figs. 10 and 11).

The histopathological examination section of the thy-
roid gland tissues in rat administrated carbimazole
drug only showed thyroid follicles with variable sizes.
A decrease in colloidal material in some follicles and
vacuolation in the cytoplasm of follicular cells and loss
of their epithelium lining in addition to the presence of
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Fig. 7 A photomicrograph of rat kidney of 1% saline control group
showing normal structure of the glomerulus (G), urinary space. (US)
tubules (T)

Fig. 8 A photomicrograph of rat kidney of carbimazole drug

only administrated group showing degenerative changes

in glomeruli and tubules, mild dilatation of urinary space

and lymphocytic infiltration in the interstitium. Some renal tubules
showed coagulation necrosis with diffused hemorrhage

inflammatory cells aggregation and dark stained nuclei
(pyknotic) are also noticed. In some follicles, multiple
layers of follicular cells are seen (Fig. 12).

Section of thyroid gland of the group co-administrated
with carbimazole and xylo-oligosaccharides showed
nearly normal thyroid follicles with colloid in their
lumina and some vacuolation in the cytoplasm of follicu-
lar cells and slight inflammatory cells. In some follicles,
multiple layers of follicular cells are seen (Fig. 13).

3.3.3.1 Liver SeeFigs.2, 3,4 and 5.

3.3.3.2 Kidneys See Figs. 6,7, 8 and 9.
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Fig. 9 A photomicrograph of rat kidney of the co-administration
of carbimazole and xylo-oligosaccrides group showing remarkable
restoration and the normal appearance of glomerulus and renal
tubules with slight lymphocytic infiltration in the interstitium

¢ R R SRS

Fig. 10 Photomicrograph of section of thyroid gland of control
group revealing normal thyroid architecture with variable follicles
lined with cuboidal follicular epithelium (F) with rounded nuclei. The
follicular lamina is filled with homogenous acidophilic colloid (CO)
blood vessels (arrow)

3.3.3.3 Thyroid gland See Figs. 10, 11, 12, and 13.

4 Discussion

Negative effects resulting from administration of carbi-
mazole (CBZ) are not limited to the patients only, but
may extend to future generations also. As an example,
hyperthyroid pregnant mothers who are undergoing
treatment with CBZ expose their fetuses during preg-
nancy to the previously stated risks caused by the drug
and these effects can extend after birth [27-31].
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Fig. 11 Photomicrograph of section of thyroid gland of saline
group revealing normal thyroid architecture with variable follicles
lined with cuboidal follicular epithelium (F) with rounded nuclei. The
follicular lamina is filled with homogenous acidophilic colloid (CO)
blood vessels (arrow)

Fig. 12 Photomicrograph o

administrated carbimazole only showing thyroid follicles with variable
size. A decrease in colloidal material in some follicles and vacuolation
in the cytoplasm of follicular cells (V) and loss of their epithelium
lining. Presence of inflammatory cells aggregation and dark stained
nuclei (pyknotic) (arrow). In some follicles, multiple layers of follicular
cells are seen (arrowhead)

This highly sensitive pathological condition requires
applying a safe and careful treatment for hyperthyroid
mothers, while keeping their embryos without harm.

Another example that displayed the extended harm-
ful effect of CBZ on the future generations was altering
the structure and functions of the reproductive organs as
observed in experimental animals [32, 33].

Our study introduced XOS, extracted from Aspergillus
terreus xylanase degradation of xylan, which is consid-
ered a safe and cheap natural compound, for the first time
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Fig. 13 Photomicrograph of section of thyroid tissues of the group
co-administrated with carbimazole and xylo-oligosaccharides
showing nearly normal thyroid follicles (F) with colloid in their lumina
and slight inflammatory cells (arrow). In some follicles, multiple layers
of follicular cells are seen (arrowhead)

to solve CBZ/MMZ life-threatening problems. Recently,
XOS represent one of the beneficial oligosaccharides due
to its great functional properties. XOS are characterized
by exerting a prebiotic activities, low calories and high
stability [18]. They were used as a food ingredient for
improving gastrointestinal health in Japan since 1990 and
its safe use as an additive to food or as a supplement is
applied in many countries [34-36].

Observing the reaction of the body organs in the early
stages during the use of the drug therapy can be an
important step to control and prevent its side effects.
Three-week period of time was preferred in the present
work to observe the altered parameters in the body in the
early stages during CBZ/MMZ administration and trace
the effect of the co-administration of xylo-oligosaccha-
rides in treating them.

In the present work, CBZ /MMZ administrated group
showed a significant increase in body weight gain (28%)
in comparison with the normal control group which
displayed a significant increase (26%) compared to their
corresponding initial body weights (Table 1). There was
also a significant increase in serum total protein content,
creatinine and total calcium levels. On the other hand, a
significant decrease in serum ALT, AST and urea levels
was noticed in this group compared to the normal con-
trol group (Table 2). This pathological case which repre-
sented the liver and the kidneys dysfunction was assured
by observing the histological examinations (Figs. 4 and 8).

Ahmed et al. [16] reported non-significant change in
body weights of MMZ-induced hypothyroid rats at the
end of a month from administration and reported the
changes in the lipid profile in rats.
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The liver is one of the main organs that is affected by
CBZ administration in humans [37, 38] and animals.
Heidari et al. [39] reported that MMZ administrated
mice showed significant elevation in serum ALT lev-
els after five hours from administration with respect
to control mice group which reflected the liver injury.
They also discussed the role of antioxidants in pre-
venting MMZ-induced liver injury. Akai et al. [40] dis-
cussed the role of liver Kupffer cells-mediated immune
responses in increasing the liver injury complications
due to MMZ administration.

Our results represented different data from the previ-
ous authors and also from Kadhim et al. [13], Mosa et al.
[14], Hussein et al. [41] and many others who reported a
significant increase in serum levels of ALT, AST and urea
in the group administrated the drug only for an average
period of a month or two. Our results showed an expres-
sion of a lazy liver case in the group of rats administrated
CBZ/MMZ only as there was a significant decrease in
serum levels of ALT and AST besides the marked signifi-
cant decrease in serum urea levels compared to the con-
trol group (Table 2).

These altered results can be attributed to the differ-
ent circumstances of the experiment including the high
dose used of the drug (83 mg/kg b.w) during the period
of three weeks besides dissolving the drug in 1% saline
rather than water. The tested parameters data in the rats
group administrated 1% saline only showed slightly sig-
nificant changes compared to the control group.

The significant changes reported in the tested parame-
ters in CBZ dissolved in 1% saline group compared to the
group administrated saline only showed the clear effect
of the drug in the presence of 1% saline (Table 2).

Some studies discussed the relation between saline
administration to experimental animals and the altera-
tion in the liver and kidney functions. Li et al. [42] inves-
tigated that addition of 6% sodium chloride to mice diet
for 6 weeks can alter the liver metabolism on the level
of transcriptome level without altering the hepatocytes
shape with no significant changes in serum ALT and
AST. Bernardi et al. [43] observed the significant effects
of 0.2, 1.2 and 8.2% sodium chloride content diets on
body weights and rats’ kidneys function after one month
from performing of left uninephrectomy surgery. They
reported that there was a decrease in rats’ weight in case
of rats administrated 8.2% NaCl diet and presence of kid-
ney hypertrophy and an increase in tubular area in both
administrated NaCl diets.

In our study, the liver and the kidneys were obviously
affected by CBZ/MMZ administration (the positive
group) and this appeared clearly in both of the biochemi-
cal results (serum parameters) and the histological find-
ings (Table 2) (Figs. 4 and 8).
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On the other hand, the great histological changes dis-
played in the thyroid tissue in case of the group admin-
istrated CBZ/MMZ only still were not detected clearly
in the serum thyroid profile. The drug (positive) admin-
istrated group showed signs of degeneration in the thy-
rocytes; vacuolation in the cytoplasm of follicular cells
and a decrease in colloidal material in addition to loss
of the epithelium lining besides pyknotic nucleii and
aggregation of inflammatory cells in the thyroid tissue.
At the same time, signs of hyperplasia in some other
follicular cells were also observed as there were multi-
layers of epithelial cells existed (Fig. 12). These results
are parallel to those of Hossain [17] that confirmed thy-
roid hyperplasia and presence of thyrocytes distortions
due to CBZ/MMZ administration to rabbits.

In our study, we can report the first step that clari-
fied how the thyroid functions began to be changed
slowly as a result of CBZ administration before leading
to a hypothyroid case in rats. Rats still did not reach
the hypothyroid case and there was a non-significant
decrease in serum T4 compared to control group which
may reflect the abnormal functions of the thyroid gland
due to the observed structural changes. This result was
built on the fact of producing T4 from the thyrocytes
[44-46).

Serum normal TSH and a significant increased T3 level
were detected. This increasing level of T3 was attributed
to unbalanced and disrupted equilibrium of T3 level
between the serum and body organs [47, 48] in CBZ/
MMZ administrated group compared to the control one
as shown in Table 3 and Fig. 12. In normal cases, most
of the production of T3 exits by deiodinases in the target
tissues [44—46].

So we can conclude that this disruption in T3 levels
besides the decrease in serum T4 levels (due to thyroid
structural distortion) will lead gradually to T3 serum
decreasing levels which in turn causes a feedback mecha-
nism that leads to an increase in serum TSH. Increased
TSH levels failed to force the thyroid gland to produce
hormones due to its structural disruption causing an
extended hypothyroid case.

Our results can be considered as an interpretation to
those reported by Cakic-Milosevic et al. [49] and Ahmed
et al. [16] as they observed a decrease in serum T4 and
T3 in rats administrated 0.02% MMZ in drinking water
for three and four weeks, respectively. Also Al-Shaikh
et al; Al-Naely and Shattnan [50, 51] and Lashein et al.
[52] used CBZ/MMZ in inducing experimental hypothy-
roidism in rodents.

Hypothyrodism risk case is firstly preceded with a case
of subclinical hypothyroidism that is characterized by
significant increase in serum TSH with a normal levels of
T4 and T3 [53, 54] which was not observed in our study.
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The co-administration of XOS to CBZ/MMZ drug con-
trolled significantly the increase in rats’ body weights
compared to the increase observed in the body weights of
rat administrated CBZ/MMZ only with respect to their
initial corresponding weights during the three weeks of
the experiment. It also decreased significantly serum
total protein, creatinine and AST levels besides the non-
significant improvement in calcium and ALT levels com-
pared to the CBZ/MMZ (positive) administrated group
(Table 2).

The present work reported a significant increase in
serum urea levels in the group co-adminstrated XOS
and CBZ/MMZ compared to CBZ/MMZ positive group,
and this case may be attributed to the presence of some
impurities (nitrogenous wastes) found during the extrac-
tion of XOS (Table 2). The normal liver produces urea
due to metabolizing proteins and nitrogenous containing
compounds through performing the urea cycle. Urea is
then eliminated through the kidneys [55].

The histological examinations reflected the improve-
ment in the liver and kidneys functions (Figs. 5 and
9) compared to CBZ/MMZ only administrated group
(Figs. 4 and 8).

With respect to the thyroid gland, XOS co-administra-
tion to CBZ/MMZ drug showed a normal restored level
of serum T3 and significant decrease in serum T4 com-
pared to the drug group.

This decrease in T4 level can be attributed to the great
affinity (low dissociation rates) of thyroxine binding pro-
teins (TBP) toward thyroxine (T4) that can exists as a
reaction against an abnormal or a disease case and for-
mation of a tightly bounded thyroxine reservoir [46, 56,
57]. Strong binding of T4 to plasma proteins may display
wrong results when determined in laboratory which then
leads to false therapy [58, 59].

Adult healthy rodents have two types of thyroid hor-
mones (THs) binders: transthyretin (TTR) and albumin.
They are also known as thyroid hormones distributers as
they control and distribute (THs) in blood and cerebro-
spinal fluid to diffuse freely. These protein distributors
are also found in human serum with different affinities
toward (THs) in addition to thyroxin binding globulin
(TBG) [58, 59] which exits in rats only in juveniles and
old rats and not in adults [60].

Bounded T4 and T3 in serum act as a buffering media
and control the concentration of the freeT4 and free T3
that in turn enter the different types of the body cells and
exerts its genomic or non genomic actions [61, 62].

The histological findings of the group co-adminis-
trated XOS to CBZ clarified the great influence of XOS
extracted from Aspergillus terreus xylanase degrada-
tion of xylan on restoring the thyrocytes structure and
function on the short run besides those detected in
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the liver and kidneys. This result can be considered as
a new important application added to XOS numerous
benefits.

The results may discuss the beneficial and safe use of
xylo-oligosacchrides for enhancement of the general
body health during CBZ/MMZ administration.

Our results are in accordance with those of Spiljar
et al;; Li et al. and Yan et al. [18, 63, 64]. Their researches
discussed the beneficial mechanisms and effects of XOS
extracted from different sources in controlling body
weights through reducing visceral fat, regulating the dis-
orders of liver lipid metabolism and protecting from oxi-
dative stress associated to fat diets.

5 Conclusion

Xylo-oligosaccharides extracted from Aspergillus terreus
xylanase degradation of xylan ameliorated the compli-
cations caused due to CBZ/MMZ administration. XOS
kept the body weight of rats in the normal range and
improved the liver and the kidney functions in addition
to its important role in restoring the thyroid gland nor-
mal shape and functions.
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