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Abstract

ackground: Sorbitol is an artificial sweetener that is very similar to natural sugar, but it is sweeter than

natural sugar and lower in calories. Sorbitol is used as an alternative to natural sugar, and it is

extracted from regular glucose. It does not have any negative effects on the animals’ health, and it is
characterized in safe use in many scientific experiments for the diet of humans and animals.

Methods: This study was conducted in the animal house, College of Veterinary Medicine, Al-Qasim Green
University for a period of 90 days. Forty rats of the Wistar strain (Rattus norvegicus) were randomly
distributed into 4 groups, namely the first group (control group) while the second, third and fourth groups
were treated with 100, 200 and 300 pg of sorbitol/kg of body weight .The rats were iso in live weight and age
at the beginning of the experiment. Blood samples were drawn at the end of the experimental period.

Results: Increase in level dose of sorbitol resulted significant improvement in accounts of red blood cells,
white blood cells, and a significant increase in level of hemoglobin, lymphocytes, and monocytes for second,
third, and fourth groups compared to the control group. Moreover, the significant improvement in most of
the blood parameters was reflected to significant increase in clotting and bleeding time in the second, third
and fourth groups of rats compared to the control group. Also, the results showed a significant increase in the
levels of FSH, LH, testosterone, Inhibin and MAD hormones for the second, third and fourth groups
compared to the control group.

Conclusions: The results of the current study revealed that sorbitol has many benefits in the diet of humans
and animals and has an effect on blood indicators, some sex hormones and antioxidants in the body. It is
recommended not to consume excessive sorbitol in the diet.
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Impact of varying sorbitol concentrations on hematological and biochemical blood parameters in Wistar rats

(Rattus Norvegicus)

Introduction

Sorbitol or clocitol is one of the types of alcoholic
sugars produced from regular glucose sugar which
slowly decomposes inside the body and is added into
some types of sugar-free cough syrups. Also, it is used
as an alternative sweetener to sugar which is added to
varieties of sugar-free food products such as gum,
sweets, food, ice cream or soft [1] and non-carbonated
drinks as it is present in most types of toothpastes.
There are other uses for sorbitol in cosmetics, food
industries, and some types of medicines [2]. The action
of sorbitol on causing diarrhea, this substance
stimulates the activity of bowel movement and causes
an increase in amounts of water in the large intestine,
which leads to facilitating the removal of waste from
the intestine, meaning that it is classified as a non-
stimulant laxative [3]. Therefore, sorbitol is used either
as an oral syrup or as a suppository. Moreover, sorbitol
is naturally present in a few microorganisms like
Zymomonas mobilis and Candida boidinii [6, 7], as well
as in apples, pears, peaches, apricots, nectarines, and
dried fruits like prunes, dates, and raisins. Comparable
to solutions of xylitol and erythritol, which contain
negative heat and provide a cooling sensation and
pleasing taste in the tongue [4], sorbitol has a solubility
20 times greater than mannitol [8] and less calories
than sugars. Because it has synergistic effects with
other sweeteners, sorbitol can be well-combined with
other food components to enhance their flavor and
sweetness [9]. It is not, however, digested by oral
bacteria, which produce acids when they break down
sugars and starches, which can cause tooth decay or
erosion of the tooth enamel layer [10] 25% of sorbitol is
absorbed while the remainder is digested by bacteria.
Sorbitol affects the synthesis of glycogen in the liver
and muscles, which causes a spike in blood sugar
following nursing in mothers. Because it is fully
digested under normal circumstances, absorbed
sorbitol can have an impact on blood glucose levels
[11,12]. Large doses of sorbitol may cause diarrhea and
abdominal pain especially in presence of other
pathogens [13]. Although, the sorbitol is consumed in
large quantities, it has been found that the bulk of it
causes irritation of the colon which leads to
malfunction of the digestive system due to its high
molecular weight [14]. After receiving sorbitol,
individuals with diabetes saw notable increases in
blood glucose concentrations [15]. Furthermore,
because sorbitol cannot promote pregnancy, it can
accumulate intracellularly and cause osmotic stress [16,
17]. As a result, fructose production is more than ten
times more powerful than glucose. The renal route can
lead to renal losses of 10% [18]. Abukhomra et al., [19]
found that groups treated with varying concentrations
of sorbitol (50, 100, or 200 mg) per kg body weight of

mice showed a significant increase in the values of red
blood cells (RBC), the packed red blood cell volume
(PCV), the level of hemoglobin (Hb), white blood cells
(WBCs), lymphocytes, neutrophils, monocytes,
eosinophils, and basophils in comparison to the control
group of mice. This investigation sought to ascertain
the impact of sorbitol dosages on some biochemical
and hematological blood traits of Wistar rats (Rattus
norvegicus).

Methods

Animals and study design

In the labs of the College of Veterinary Medicine at Al-
Qasim Green University, Iraq, forty Wistar rats (Rattus
norvegicus) were used for this study. These rats were
divided into 4 groups with a mean of 10 rats for each
group. The 1% group drenched distilled water,
considered as a control group, while the 2" 34 and 4™
group were drenched with different levels of sorbitol
for ninety days period. The second group received an
oral sorbitol /kg of body weight of 100 pgm, the third
group received an oral sorbitol of 200 pgm and the
fourth group received an oral sorbitol of 300 ugm. The
primary weight of the Wistar rats were measured by
small scales at the initial period of the experiment and
at the final period of the experiment. The blood
samples were conducted through the cutting of the tail
of the rats and collected heparinized tubes for
hematological parameters and plain tubes for the
biochemical and hormonal parameters.

Hematological examination

Using a hematology analyzer (Mythic 18VET/France)
the heparinized blood samples were utilized to measure
hematological parameters such as Hemoglobin (Hb),
Packed Cell Volume (PCV), Red Blood Cell count (RBC),
and White Blood Cell count (WBC). The procedure was
performed according to hematology guidebook, while
the differential leukocyte count was carried out
through staining the blood smears with Giemsa stain
and the different parameters were checked properly
[20].

Biochemical examination

Serum samples were prepared (40 microliters ) for each
test in this study to measure the concentration of
enzymes of  superoxide Dismutase (SOD),
malonaldehyde (MAD) and glucose by using special
Chinese kits (Salarbio-China).This procedure was
carried out according to the procedure was performed
to the chemistry guidebook by using chemical analyzer
method (IDEXX- Vet, Arachem, USA) in the blood
serum samples of Wistar rats in this study.

Hormonal examination
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The Hormones examination which as including insulin,
follicle-stimulating hormone (FSH), luteinizing
hormone (LH), male hormone (testosterone) and
inhibin were calculated by wusing a proprietary
commercial China kit for each hormone: Beijing
Salarbio Science & Technology Co. Ltd.(www.
Salarbio.com) 400 -968- 6088.

Statistical analysis

The experiment was designed according to a compete
randomized design (CRD) according to AL-Zubaidy and
AL-Falahy [21] and the ready-made statistical program
(SAS) was used to analyze the effects of transactions on
the studied traits [22]. The significant differences
between the means of the traits studied were tested
according by Duncan's polynomial test [23].

Results

Through examining the results of the current study
(Table 1), we notice a significant increase in the
numbers of red blood cells, white blood cells,
hemoglobin concentration, and the percentages of
lymphocytes and mononuclear cells in the second,
third, and fourth treatments in which the rats were
dosed with different levels of sorbitol compared to the
control treatment free of sorbitol. The rates of red
blood cells accounts reached 6.47,7.22, 7.16, 7.78 x10°
corpuscles/ pL, white blood cells accounts was 8.35,
9.47,9.86, 10.68x10% cells, Hemoglobin level was
13.32,13.50, 13.82, 14.62gm, Lymphocytes which were
65.56, 66.37, 69.81,71.43%, Monocytes rats were 6.27,
6.47%, 6.90%, 6.97% respectively. Moreover, there was
a significant elevation in clotting time and bleeding
time for the 2" 3 4%hgroups of rats which were treated
with different levels of sorbitol when compared to the
control group. The clotting time was reached
36.02,46.76,57.14,77.96 sec. and bleeding time which
were 58.56,72.04,85.86,112.11sec respectively.
Conversely there was a notable significant reduction in
levels of PCV, Neutrophils and ESR for the 2nd ,3rd ,4th
groups of rats in comparison of the control group which
were dosed different levels of sorbitol. The level of
Neutrophils was 22.51,21.19,21.81,20.50%,PCV
41.47,38.29,34.49,33.53% and ESR was 2.39,2.11,1.97,
1.85 mm/hr respectively (tablel). As for the final
weight of the rats at the end of the experiment, the
results confirmed shown in table (2) that final weight of
the rats increased significantly with increasing level of
sorbitol dosage in the second, third and fourth
experimental treatments compared to the first
treatment without sorbitol dosage. The final weight
rates of the rats reached 18.70, 206.10, 243.50 and
360.70 gm for 0, 100, 200 and 300 micrograms the
treatments respectively. In the current investigation
there was significant reduction in levels of blood

glucose, insulin hormone for the 2nd,3rd ,4th groups of
rats when compared to the control group (table 3).The
blood sugar were 120.10, 116.9,99.0, 89.3 mg/dl and
Insulin hormone rates which were 0.569,0.498,
0.481,0.389ug/L respectively. Also, the results of the
current study showed that there was a significant
decrease in levels of SOD for the 2nd ,3rd , 4th groups
of rats which were 1.867,1.583, 1.042U/ml in compared
to the control group 2.151U/ml. While there was a
significant elevation in levels of MAD for the 2nd, 3rd,
4th groups of rats which were 0.764,0.911,1.516U/ml in
comparison of the control group 0.616 U/ml (table 3) .
As for sexual hormones, the results released from table
(4) there was a significant elevation in levels of FSH,
LH, Testosterone and inhibin hormones to the
2nd 3rd 4t oroup of rats in compared to the control
group. FSH concentrations were 2.25,4.45, 5.30, 6.15
U/ml respectively. Also, the levels of LH which were
31.35,45.04,51.065,57.11ng/ml respectively. The
concentration of testosterone hormones was
0.555,1.580, 1.865, 2.585ng/ml. As far as there was a
significant increase in levels of Inhibin hormone in the
2nd 3rd 4t oroup of rats which were 4.440,5.345, 6.845
pg/ml in comparison to the control group 3.685pg/ml
(table 4).

Discussion

In the current investigation, the levels of hemoglobin,
glucose, RBC, and WBC were significantly higher in
groups of rats treated with varying amounts of sorbitol
than in the control group. These findings are consistent
with results of Abukhomra et al. [19], who observed a
marked rise in RBC, hemoglobin, WBC, glucose levels
in rats were treated with varying concentrations of
sorbitol relative to the control group. This increase may
be explained by sorbitol's potential to cause damage via
oxidation. Hematological indicators offer a sufficient
foundation for evaluating the illness, the antioxidant
defense mechanisms' reaction, degree of tissue damage
and the experimental animals' health [24]. There was a
notable decrease in the levels of PCV in the current
investigation. This observation conflicts with that of
Abukhomra et al. [19] who reported a notable elevation
in PCV levels in sorbitol-treated rats relative to the
control group which may be due to sorbitol's oxidative
damage to RBCs and hemoglobin. The results of the
statistical analysis in the current study indicated a
significant decrease in neutrophil levels and a
significant increase in concentrations of lymphocytes
and mononuclear cells in groups of rats treated with
different levels of sorbitol compared to the control
group. These results are consistent with those of
Rosalovsky [25] who reported a significant increase in
lymphocyte and monocyte levels in the sorbitol-treated
rats compared to the control group.
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First group Second group Third group Fourth group
Hematological (Control) Mean = S.E. Mean + S.E. Mean £ S.E.
parameters Mean £ S.E. (100 pgm) (200 pgm) (300 pgm)
(0 pgm)
No. of samples 10 10 10 10
RBC(x10°) corpuscles 6.47 £0.06 ¢ 7.22*0.03 b 7.16*0.12 b 7.78+ 0.02 a
Hb (gm/dl) 13.32+0.05d 13.50+0.02 ¢ 13.82% 0.01 b 14.62+0.03 a
PCV (%) 41.47+0.14 a 38.29* 0.08 b 34.49+0.26 ¢ 33.53+0.23d
WBC(x10%) cells. 8.35+0.04 d 9.47£0.02 ¢ 9.86+0.03 b 10.68+0.11 a
Lymphocytes(%) 65.56* 0.15d 66.37* 0.25 ¢ 69.81* 0.27 b 71.43+0.32 a
Neutrophils (%) 22.51* 0.16 a 21.19+ 0.15 ¢ 21.81+£0.21b 20.50 = 0.21d
Monocytes ( %) 6.27 £0.06 ¢ 6.47+0.03 b 6.90% 0.01 a 6.97£0.02 a
ESR (mm/hour) 2.39+ 0.06 a 2.11+£0.06 b 1.97+0.02 ¢ 1.85+0.01 ¢
Clotting time (sec) 36.02+0.37d 46.76 +0.52 ¢ 57.14+045b 77.96%0.29 a
Bleeding time(sec) 58.56+0.74 d 72.04+1.04 ¢ 85.86+0.45b 112.11 +£0.53a

The different letters in the raw means presence of significant differences at ( P<0.05) .

S.E.: Standard Error.

RBC: Red Blood Cells .

WBC: White Blood Cells.

Hb: Hemoglobin level, PCV: Packed Cell Volume.

Table 1: Effect of dossing with different levels of sorbitol on hematological parameters of Wistar rats.

First group Second group Third group Fourth group
Body weight (gm) (Control) Mean £ S.E. Mean + S.E. Mean + S.E.
Mean £ S.E. (100 pgm) (200 pgm) (300 pgm)
(Ougm)
No. of samples 10 10 10 10
Initial weight (gm) 253.80+1.03 a 254.90+1.00 a 253.50+1.43a 255.20* 144 a
Final weight (gm) 185.70+2.10d 206.10%0.67 ¢ 243.50*0.56 b 360.70+0.72 a

The different letters in the raw means presence of significant differences at ( P<0.05) .

S.E.: Standard Error.

Table 2: Effect of dossing with different levels of sorbitol on body weights of Wistar rats.

Biochemical First group Second group Third group Fourth group
parameters (Control) Mean + S.E. Mean £ S.E. Mean £ S.E.
Mean £ S.E. (100 pgm) (200 pgm) (300 pgm)
(0 pgm).
No. of samples 10 10 10 10
Blood glucose 120.1£0.77 a 116.9%+0.57b 99.0+1.49¢ 89.3+0.52d
(mg/dl)
Insulin (ug/L) 0.569 = 0.0071 a 0.498+ 0.0068 b 0.481% 0.0053 b 0.389+ 0.0081 ¢
SOD (U/ml) 2.151+0.01 a 1.867%0.013 b 1.583%0.014 ¢ 1.04+0.014d
MDA (U/ml) 0.616+ 0.013d 0.764 = 0.005 ¢ 0.911+0.013b 1.516 0.0l a
The different letters in the raw means presence of significant differences at ( P< 0.05) .
S.E.: Standard Error.  SOD : Superoxide Dismutase MDA: Malondialdehyde .
Table 3: Effect of dossing with different levels of sorbitol on biochemical parameters of Wistar Rats.
Sexual Hormones First group Second group Third group Fourth group
(Control) Mean * S.E. Mean * S.E. Mean * S.E.
Mean = S.E. (100 pgm) (200 pgm) (300 pgm)
(0 pgm)
No. of samples 10 10 10 10
FSH (U/ml) 2.25+0.15 d 445%0.05 ¢ 5.30%0.10 b 6.15+0.05 a
LH (ng/ml) 31.35+0.10d 45.04%0.18 ¢ 51.065*0.59 b 57.11%£0.13a
Testosterone (ng/ml) 0.555+0.01d 1.580+0.04 ¢ 1.865+0.025 b 2.585%0.04 a
Inhibin (pg/ml) 3.685+0.05d 4.440%0.08 ¢ 5.345%0.12 b 6.845*0.01 a

The different letters in the raw means presence of significant differences at ( P< 0.05) .

S.E.: Standard Error . FSH : Follicle Stimulating Hormone .

LH: Luteinizing Hormone .

Table 4: Effect of dossing with different levels of sorbitol on sexual hormones of Wistar rats

The reduction in levels of neutrophils may be
attributed to oxidative damage of sorbitol on these
types of WBC which are present in the whole body
either in the lymphatic system or in the blood stream.
These cells strengthen the animal's immune system,
and which are produced in the bone marrow. The
WBCs protects animal bodies from external and
internal invaders such as different types of bacterial
spp., viruses, protozoa, parasites and certain types of
tumor cells and other different diseases [26].

The animals in the 2™ 39 and 4™ groups in the
current study experienced a significant decrease in

final weight compared to the control group after
receiving varying levels of sorbitol treatment. This
reduction in weight may be attributed to osmotic
diarrhea which is a side effect of sorbitol treatment and
causes frequent intestinal perfusion which dehydrates
of the animal body [3].

Comparing the 2", 34 and 4™ groups of rats treated
with varying dosages of sorbitol to the control group
there was a notable decrease in blood glucose levels.
This result is consistent with that of Chukwuma and
Islam [27] who found that rats treated with sorbitol had
significantly lower serum glucose levels. These results
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may be explained by effects of sorbitol on blood
glucose levels which in both normal and type 2 diabetic
rats increase muscle glucose uptake ex vivo and inhibit
intestinal glucose absorption ex vivo. In contrast
Abukhomra et al. [19] reported that the glucose levels
will be elevated in the sorbitol treated rats. Because
sorbitol causes oxidative damage to the B-cells of the
pancreas which are responsible for producing insulin
[19,28] the present study's results indicate a
considerable fall in insulin levels in the sorbitol-treated
rats.

The sorbitol had a significant effects on the
hematological parameters and on the levels of glucose
in the serum of the animals , as well as on the levels of
some of the sexual hormones. It is recommended not to
consume excessive sorbitol in the diet.
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