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ABSTRACT

Background: Carboxymethylcellulose (CMC) is an essential derivative of cellulose, which is employed
in various applications in the food industry, detergents, cosmetics, pharmaceuticals, textiles, paper,
adhesives as well as ceramics. There is a current concern that Carboxymethylcellulose may have some
biological activity. This study evaluated the effects of CMC on some liver indices of adult Wistar rats.
Methodology: Twenty (20) adult Wistar rats divided into four groups II'V of five animals each were used
in the study. Group one (control) received distilled water, while groups II-IV received 5 mg/ml, 10 mg/ml,
and 20 mg/ml respectively. Blood was collected and processed for laboratory assessments of alanine
aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP), albumin and
total protein. Results: The results obtained showed that; CMC had no significant effects on albumin, total
protein, and alanine aminotransferase (ALT). In contrast, a significant increase was seen in aspartate
aminotransferase (AST) level, which was dose dependent. The result also showed a significant decrease in
alkaline-phosphatase (ALP) level. Conclusion: Our findings suggest that CMC possesses no hepatotoxic
properties and the changes seen in our results are within the physiological range
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INTRODUCTION

Cellulose is a high molecular weight environmentally friendly and biodegradable material "
commonly converted into useful derivatives **"’. The applicability of cellulose requires an alternative
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pathway that converts cellulose to its derivatives
such as carboxymethylcellulose """
Carboxymethylcellulose (CMC) is derived from
cellulose alongside other essential derivatives.
Sodium carboxymethyl cellulose is the most
typical form of CMC obtained from the reaction of
cellulose with sodium mono-chloroacetate (MCA)
in an alkaline medium through etherification
process 'Y, Among the cellulose ethers,
carboxymethyl cellulose is the most water-soluble
derivative which has immense importance for
specific industrial applications used in a everyday
life ™",

CMC has been employed in everyday life in a wide
variety of industrial and scientific processes due to
its desirable qualities, which includes solubility,
low toxicity """, cheap, bio-adhesion, cross-link to
form hydrogels essential for tissue regeneration
B control release of drugs. Wang et al. ™"
reported that sodium carboxymethyl cellulose
improves the pharmacodynamics of 1-
deoxynojirimycin by changing its absorption
characteristics and pharmacokinetics in rats,
among others. These desirable features give CMC
its relevance in industrial applications in food
products, cosmetics, pharmaceuticals, textiles,
paper, in detergents and soaps, adhesives, and
prints inks ™",

CMC is also employed in intradermal drug
delivery and drug formulations '’ Many interests
have been seen recently in the medical science
regarding the use of CMC in specific ways that
directly impact on human health including surgery,
orthopaedic devices and drugs. The relevance of
CMC in both food and pharmaceutical industries,
has led to its increasing daily consumption
especially because it is known to be biologically
inert. There are limited studies on the biological
activities of CMC, however, recently studies have

demonstrated that CMC possesses biological
activities that includes pro-oxidative stress
activity and effects on motor endurance and these
has led to investigating the physiological
properties of CMC ", This study investigated
the hepatotoxic effects of orally administered
CMC in adult male Wistar rats

MATERIALSAND METHODS

Twenty (20) adult male albino Wistar rats,
carboxymethylcellulose (CMC), plastic cages,
feeders, sawdust, animal feed, water, weighing
balance, needles and syringes, oral cannulas,
dissecting kits, test tubes, ketamine, diazepam,
and cotton wool.

Chemicals/Reagents

Carboxymethyl cellulose (CMC) (product
number: 27929, BDH Chemicals Ltd., Poole,
England), was donated by Ahmadu Bello
University, Zaria, Department of Pharmacology
and Therapeutics, Ahmadu Bello University. All
other chemicals used were analytically graded.

Animals

Twenty (20) adult male Wistar rats with an
average body weight of 150 g were used in the
study. The animals were housed in plastic cages
and allowed access to food and water ad libitum.
The animals were allowed to acclimatise for two
weeks before the commencement of the
experiment. All experimental protocols were
executed in accordance with the Ahmadu Bello
University research policy and ethic and
regulations governing the care and use of
experimental animals (NIH publication number
85-23,2010).
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Animal Groupings

The animals were divided into four (4) groups.
Group [: received distilled water based on their
body weight orally.

Group II: received CMC 5 mg/ml per body
weight orally.

Group III: received CMC 10mg/ml per body
weight orally

Group IV: received CMC 20 mg/ml per body
weight orally.

All administrations were done between 09:00 and
10:00 hours each day for two (2) weeks.

Animal sacrifice and blood collection

After two (2) weeks of the experiment, the rats
were anaesthetised using ketamine (75 mg/kg) and
diazepam (5 mg/kg), after which the blood samples
were collected by cardiac puncture and transferred
into plain test tubes using Sml syringe. Serum
samples were separated by centrifugation and
stored until the biochemical assay was done.

Assessments of Liver function Parameters

The serum total protein and albumin content were
assayed using modified Biuret and Dumas method
[8,25]. Alkaline phosphatase (ALP) activity was
determined by the method of Ahmed and King [1],
while the activities of aspartate aminotransferases
and alanine aminotransferases (AST and ALT
respectively) were determined by the method of
Reitman and Frankel [24]. The assay kits used
were obtained from Randox Laboratories, Co-
Atrim, UK

Statistical analysis

Results obtained were analysed using the
Statistical Product and Service Solutions (SPSS
version 17.0). All data were analysed using one-
way analysis of variance (ANOVA), followed by

Tukey's Post-hoc test for multiple comparisons.
Results were expressed as Mean + SEM, P < 0.05
was taken as an acceptable level of significant
difference between groups.

RESULTS

Alanine aminotransferase (ALT)

The result of ALT is represented in figure 1. The
mean ALT level for the control group was 7.8
+ 0.86 IU/L and that of the CMC groups was 8.8 +
0.58 IU/L, 8.8+ 1.16 IU/L and 8 £0.71 IU/L for 5,
10 and 20 mg/ml respectively. There was no
statistically significant difference (P > 0.05) in
alanine aminotransferase (ALT) level between the
control and CMC groups.

Aspartate aminotransferase (AST)

The result of AST is represented in figure 2. The
mean AST level for the control group was 13.6
+1.57 IU/L and that of the CMC groups (5, 10, 20
mg/ml) were 26.4+2.211U/L,26.8+2.71 [U/Land
25 £ 1.92 TU/L respectively. Aspartate
aminotransferase (AST) was significantly higher
(P<0.05) in CMC groups as compared to control.

Alkaline phosphatase (ALP)

The result of ALP is represented in figure 3. The
mean ALP level for the control group was 79.23
+9.88 IU/L and that of the CMC groups were 59.25
+ 7.92 IU/L, 46.42 + 3.07 IU/L and 46.57 +
9.21 IU/L respectively. Alkaline phosphatase
(ALP) concentration was significantly decreased
(P < 0.05) in the CMC groups compared to the
control.

Albumin
The result of Albumin is represented in figure 4.
The mean Albumin level for the control group
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Figure 1: Effects of CMC on alanine aminotransferase level in male albino Wistar rats.
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Figure 2: Effect of CMC on Aspartate aminotransferase level in male albino Wistar rats. Data is shown as Mean = SEM, mean
values with (*) have significant differences (P<0.05) when compared to the control group.
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Figure 3: Effect of CMC on Alkaline phosphatase concentration in male albino Wistar rats. Data is shown as

Mean + SEM, mean values with (*) have significant differences (P < 0.05) when compared with the control.
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was 3.06 + 0.16 g/dl and that of the CMC groups
were 3.13 £ 0.07 g/dl, 2.83 £ 0.19 g/dl and 2.77
+ 0.13 g/dl respectively. There was no statistically
significant difference (P < 0.05) in Albumin level
between the control and CMC groups.

Total Proteins

The result for Total protein is represented in figure
5. The mean total protein level for the control group
was 7.59 £ 0.38 g/dl, and that of the CMC groups
were 7.79 + 0.43 g/dl, 7.09 + 0.1 g/dl and 8.08 +
0.43 g/dl respectively. There was no statistically
significant difference (P < 0.05) in Total proteins
level between the control and CMC groups.

DISCUSSION

Carboxymethyl cellulose (CMC) has many
desirable applications, such as the formation of
pharmaceutical products, cosmetics, food
additives, agricultural chemicals etc. Therefore, it
is extensively consumed daily, either directly or
indirectly. This study examined the effects of
treatment of rats with varying doses of CMC on
serum liver enzyme concentration of alanine
aminotransferase (ALT), aspartate
aminotransferase (AST) alkaline phosphatase
(ALP) and total protein, albumin, in a bid to
evaluate the hepatotoxicity of CMC. The serum
level of certain liver enzymes like Aspartate
aminotransferase (AST), alanine
aminotransferase (ALT), y-glutamyl transferase
(GGT) and alkaline phosphate (ALP), are useful
indicators of liver injury ", Serum levels of ALT
and AST are elevated in blood during tissue
damage, especially liver cell damage. Thus, these
enzymes possess a direct proportional relationship
to liver tissue damage . These hepatic enzymes
may highlight the presence of specific or class of

diseases "**". Naturally, alcoholic and non-

alcoholic fatty liver hepatocellular damage is
associated with an elevated serum level of GGT
132 and ALT "™ respectively. The magnitude of
hepatocellular injury is indicated by elevated
serum level of ALT and AST . Elevated serum
concentrations of ALP and GGT signify an
impaired bile flow or cholestasis. The ratio of
AST/ALT has been reported in literature as an
index used in differentiating alcoholic from non-
alcoholic fatty liver disease """". Elevated ALP may
indicate problems not only related to the liver, but
also gall bladder, bone, kidney tumours, and
infections "?. In our study, we observed no
significant changes in the ALT recorded in the
groups of animals that were treated with CMC
compared to the control group. This suggests that
the integrity and normal functioning of the liver
may not have been compromised by the
administration of CMC. The results obtained also
showed a significant decrease in the level of
alkaline phosphatase (ALP) in the groups of
animals treated with carboxymethyl cellulose
(CMC) compared to the control group. The
reduction in ALP activity could be due to the
inhibition of the enzyme's activities as it is in the
case with the consumption of polluted 4sa water *”
or metabisulphite . The significant change seen in
ALP might not arise from the liver, this is because,
ALP is also found in other organs including the
bone (in higher concentration), placenta, kidney
and intestine “”. Thus, ALP is a less specific
biomarker for hepatotoxicity. The results obtained
also showed a significant increase in the level of
Aspartate aminotransferase (AST) in the groups of
animals treated with carboxymethyl cellulose
(CMC) compared to the control group. The
increased AST level might be due to injuries to
other body tissues or organs other than the liver
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itself because AST is found in highest
concentration in the heart compared to other tissues
of the body such as liver, skeletal muscle and
kidney . Thus, AST is also considered a less
specific biomarker enzyme for hepatocellular
injury, as it can also signify abnormalities in heart,
muscle, brain or kidney. Elevation in the activities
of serum AST as observed in this study may have
been due to leakage from the organs into
extracellular fluids due to change in endothelial
permeability . Normally, the enzyme will not
always be found in the serum, except there is
damage to one or more organs or tissues of the
body. Therefore, enzymes from diseased tissues or
organs (e.g., cardiac, hepatic, and neoplastic
diseases) and drug assault or other xenobiotics may
have been manifested in the serum resulting in
increased activity since they must have leaked
from the diseased tissue "”. However, despite the
significant increase in AST in our study, the results
may not be indicative of tissue damage because
they are within the normal range for Wistar rats
which is 5-153 TU/L "**¥, The results obtained also
showed no significant changes in the activities of
Albumin and total protein, further corroborating
the results that CMC may not hepatotoxic. Taken
together our study indicates that the CMC does not
possess hepatotoxic properties

CONCLUSION

We conclude based on our findings that CMC may
not have hepatotoxic potential and the increase in
AST observed in this study in within the acceptable
normal range for Wistar rats.
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