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Abstract
Background and Objective: Metamizole is a non-selective cyclooxygenase (COX) inhibitor NSAID with a strong analgesic and spasmolytic
effects. It is the most common analgesic in the world. Thiamine pyrophosphate (TPP) protects the liver tissue against oxidative damage.
The aim of our study was to analyze the effect of TPP against possible liver injury and dysfunction of metamizole in rats biochemically and
histopathologically.   Materials   and   Methods:   The   animals  were  grouped  as  healthy  (HG),  500  mg  kgG1  metamizole  (MT-500),
1000 mg kgG1 metamizole (MT-1000), 25 mg kgG1 TPP+500 mg kgG1 metamizole (TMT-500), 25 mg kgG1 TPP+1000 mg kgG1 metamizole
(TMT-1000) groups. The TMT-500 and TMT-1000 groups of animals were injected intraperitoneally (ip) at the dose of 25 mg kgG1 of TPP.
Distilled water as the solvent was injected ip to the HG, MT-500 and MT-100 groups. One hour after injecting TPP and distilled water,
metamizole 500 and 1000 mg kgG1 doses were administered orally to the TMT-500 and TMT-1000 groups. The TPP was administered once
and metamizole twice a day for 14 days. The animals were euthanized with high-dose anesthesia. The liver tissues excised from the
animals were analyzed biochemically and histopathologically. Results: In both doses metamizole significantly increased MDA, ALT and
AST levels and decreased tGSH, SOD and CAT levels compared to the healthy group. TPP significantly prevented the decrease of tGSH,
SOD and CAT levels and the increase of MDA, ALT and AST levels with metamizole. There was no statistical difference in all of the levels
between the TMT-500 and TMT-1000 groups. The histopathological findings indicated TPP significantly suppressed the damage induced
by metamizole. Conclusion: The metamizole was possible to cause moderate damage to liver tissue. Therefore, it was considered that
the use of TTP to reduce liver toxicity could be clinically beneficial.
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INTRODUCTION

Metamizole is a non-selective cyclooxygenase (COX)
inhibitor  NSAID  with  strong  analgesic  and  spasmolytic
effect1. Metamizole is also known as a pyrazolone-derivative,
non-narcotic analgesic and antipyretic agent2. Metamizole is
the most common analgesic in the European Union, Latin
America and many areas of the world. Metamizole has widely
been used for post-operative pain in patients, prolonged colic
pain, cancer pain and migraineheadache3. In previous studies,
metamizole has been reported to be more potent than
paracetamol in the improvement of pain, tissue inflammation
and oxidative stress induced by surgical trauma4. As known,
metamizole is metabolized to 4-methylaminoantipyrine
hydrolyzed      in      the      gastrointestinal      tract      and      to
4-aminoantipyrine through N-demethylation in the liver5. The
mechanism of action for metamizole has not been fully
known. Some information has indicated that the analgesic
effect of metamizole is related to the central nervous system.
In some studies, metamizole has been argued to be induced
by the reduction of prostaglandin synthesis due to the
inhibition of different COX isomers6. Metamizole has a
relatively positive safety profile in terms of morbidity and
mortality when compared to other NSAIDs1. Although it is
emphasized to be safer when compared to other analgesics
especially for the treatment of short-term pain, information
about its safety in medium and long-term use is limited3.
Previous studies have revealed that metamizole is associated
with a major risk of liver injury7. In addition, it has been proven
in previous studies that diclofenac, another NSAID drug other
than metamizole, has a toxic effect on the liver8. However,
there is no sufficient evidence to determine whether
metamizole increases liver risk or not2. Therefore, further
researches are needed to be carried out in order to analyze the
potential risks associated with metamizole.

Thiamine pyrophosphate (TPP) investigated in terms of its
protective effect against possible liver injury in our study is the
active  metabolite  of  Thiamine  (TA)9.  The  TPP  is  also  the
co-factor of enzymes that play a role in maintaining the cell
redox synthesizing NADPH and glutathione10. It has been
reported in previous experimental studies that TPP protects
the liver tissue against oxidative damage inhibiting the
reduction  of  GSH  stores  in  liver11.  As  known,  Alanine
Aminotransferase (ALT) and Aspartate Aminotransferase (AST)
activities increase in liver injury. Furthermore, it has also been
known that thiamine pyrophosphate significantly prevents
ALT and AST increase induced by oxidative liver injury12. All
this information indicates that TPP may be beneficial against
possible liver damage caused by metamizole. There have been

no studies serving the protective effect of TPP against
metamizole-induced liver injury in the literature. The aim of
our study was to analyze the effect of TPP against possible
liver injury and dysfunction of metamizole in rats
biochemically and histopathologically.

MATERIALS AND METHODS

Study area: This study was performed at Erzincan Binali
Yildirim University, Faculty of Medicine, Erzincan, Turkey from
August, 2022 to November, 2022.

Animals: In the experiment, 30 albino Wistar type male rats
weighing between 280-290 g were procured from University
of Erzincan Binali Yildirim, Experimental Animals Application
and Research Center. Before the experiment, the animals were
fed with animal feed under appropriate conditions  in  12  hrs
of light and 12 hrs of darkness at normal room temp (22EC).
The procedures were accepted by the Local Animal
Experimentation Ethics Committee (Date: 18-08-2022,
Number: E-85748827-050.01.04-192459).

Chemicals: In this study, thiopental sodium was procured
from IE Ulagay (Turkey), Metamizole from Sanofi Aventis
(Turkey) and Thiamine pyrophosphate from Biofarma (Russia).

Experimental groups: The rats were grouped as healthy (HG),
500 mg kgG1 metamizole (MT-500), 1000 mg kgG1 metamizole
(MT-1000),  25  mg  kgG1  TPP+500  mg  kgG1  metamizole
(TMT-500) and 25 mg kgG1 TPP+1000 mg kgG1 metamizole
(TMT-1000) groups.

Experimental procedure: The TMT-500 (N = 6) and TMT-1000
(N = 6) groups of animals were injected intraperitoneally (ip)
at 25 mg kgG1 of TPP. Distilled water as the solvent was
injected ip to the animals in HG (N = 6), MT-500 (N = 6) and
MT-100 (N = 6) groups. One hour after injecting TPP and
distilled water, metamizole 500 and 1000 mg kgG1 doses were
administered orally to the TMT-500 and TMT-1000 groups,
respectively, by gavage. The TPP was administered once and
metamizole twice a day for 14 days. Afterwards, the blood
were taken from the tail veins of all animals for ALT and AST
measurements. Subsequently, the rats were euthanized with
high-dosage anesthesia (50 mg kgG1 thiopental sodium). The
liver tissues excised from the animals were analyzed
biochemically and histopathologically. Biochemical and
histopathological findings obtained from all groups were
compared and analyzed between the groups.
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Biochemical analyses
Sample preparation: The tissue samples were placed in petri
dishes after washing with physiological saline. Then, the
tissues were ground into powder in the presence of liquid
nitrogen. The tissue samples were homogenized to define
superoxide dismutase (SOD) activities, reduced glutathione
(GSH), TBARS and protein levels. The supernatants were used
for SOD, catalase (CAT), GSH, MDA and protein analyses.

MDA,  GSH,  SOD,  CAT  and  protein  determination:
Determination of MDA, GSH and SOD in liver tissues was
measured with commercial Enzyme-Linked Immunosorbent
Assay  (ELISA)  kits  for  experimental  animals  and  each
analysis  was  performed  according  to  the  kit  instructions
(item No. 706002, 703002 and 10009055, Cayman Chemical
Company, respectively). The CAT was determined according
to the method suggested by Goth13. Protein determination
was based on the Bradford method.

ALT vs AST analysis in tissue: First, venous blood samples
were taken for evaluation into tubes without anticoagulant.
After coagulation, the serum was isolated by centrifugation
and stored at 80EC until analysis. Using a Cobas 8000
autoanalyzer (Roche Diagnostics GmBH, Mannheim, Germany)
with   commercially   available   kits   (Roche   Diagnostics),
serum  Alanine  Aminotransaminase  (ALT)  and  Aspartate
Aminotransferase  (AST)  activities  were  evaluated
spectrophotometrically for the liver function tests.

Histopathologic  analysis:  Necropsy  for  the  rats  was
performed and the liver tissues were determined in 10%
neutral formalin solution. After routine alcohol-xylol
treatments,   the   tissues   were   placed   in   paraffin   blocks.
Four micro sections taken on the slides were stained with
hematoxylin-eosin and necrosis, mononuclear cell infiltrations
and congestion were evaluated. The histopathological
damage  severity  in  each  tissue  was  graded  between  0-3
(0: Normal, 1: Mild injury, 2: Moderate injury and 3: Severe
injury).

Statistical analyses: The results obtained from the
experiments were meaned as “Mean Value±Standard
Deviation” (x±SD). Shapiro-Wilk tests were used for
determining to test whether the groups were distributed
normally or not and the homogeneity of the variances was
determined by the Levene test. The significance level of the
difference    between    the    groups    was    defined    using
One-way ANOVA Test. Fisher’s post-hoc  Tukey’s HSD Test was
performed subsequently. All statistical processes were carried
out in “SPSS for Windows 25.0” statistical software and the

level of p<0.05 was considered significant. For the Figures
“GraphPad Prism 8 Software” was used. The difference
between the groups was determined with Kruskal Wallis test
as one of the nonparametric tests and Mann Whitney U test
was performed to define the group that created the
difference.

RESULTS

Biochemical analysis results
MDA and tGSH analysis in the liver tissue: Figure 1 shows
that, MDA level in liver tissues of the rats treated with
metamizole at the doses of 500 and 1000 mg kgG1 were
determined to be significantly increased when compared to
the healthy group (p<0.001). It was specified that MDA levels
treated with TPP were significantly lower than the groups with
metamizole (p<0.001). Whereas, there was no statistical
difference in MDA level between TMT-500 and TMT-1000
groups (p>0.05), MDA level was calculated almost the same
between TMT-500 and TMT-1000 groups and healthy group
(p>0.05) (Table 1).

Moreover, tGSH level in liver tissues of the rats treated
with metamizole was found to be lower when compared to
the healthy group (p<0.001). The TPP treatment significantly
prevented the decrease of tGSH level with metamizole
(p<0.001). There was no statistical difference in tGSH level
between TMT-500 and TMT-1000 groups (p>0.05). The tGSH
level was measured almost the same between TMT-500 and
TMT-1000 groups and the healthy group (p>0.05).

SOD and CAT analysis in the liver tissue: The SOD and CAT
levels in liver tissues of the animals treated with metamizole
were determined to be decreased significantly when
compared to the healthy group (p<0.001). Subsequent to TPP
injection, SOD and CAT levels were found to be significantly
higher  than  metamizole-treated  groups  (p<0.001).  No
statistics difference was found in SOD and CAT levels between
TPP 500 and 1000 mg kgG1 doses (p>0.05). The SOD and CAT
levels between TMT-500 and TMT-1000 groups were almost
the same (p>0.05) (Fig. 2).

ALT and AST analysis in the serum: According to Fig. 3, ALT
and AST levels in the serum increased significantly when
metamizole  was  treated  at  500  and  1000  mg  kgG1  doses
when compared to the healthy group (p<0.001). The TPP
significantly  decreased  the  increase  in  ALT  and  AST  levels
with metamizole (p<0.001). No statistical difference was
noticed  when  the  ALT  and  AST  levels  in  TMT-500  and
TMT-1000 groups were compared with the healthy group
(p>0.05).
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Fig. 1(a-b): MDA and tGSH analysis of the liver tissue in experimental groups.  Healthy  group  (HG),  500  mg  kgG1  metamizole
(MT-500), 1000 mg kgG1 metamizole (MT-1000), 25 mg kgG1 TPP+500 mg kgG1 metamizole (TMT-500) and 25 mg kgG1

TPP+1000 mg kgG1 metamizole (TMT-1000) groups
*p<0.001 according to HG, MT-500 and MT-1000 groups and **p>0.05 according to HG group, TMT-500 and TMT-1000

Fig. 2(a-b): SOD  and  CAT  activity  of  the  liver  tissue  in  experimental  groups.  Healthy  group  (HG),  500  mg  kgG1  metamizole
(MT-500), 1000 mg kgG1 metamizole (MT-1000), 25 mg kgG1 TPP+500 mg kgG1 metamizole (TMT-500) and 25 mg kgG1

TPP+1000 mg kgG1 metamizole (TMT-1000) groups
*p<0.001 according to HG, MT-500 and MT-1000 groups and **p>0.05 according to HG group, TMT-500 and TMT-1000

Table 1: Biochemical analysis results in the liver tissue
Mean±Standard Deviation

-------------------------------------------------------------------------------------
Biochemical parameter HG MT-500* MT-1000* TMT-500 TMT-1000**
MDA 1.57±0.12 3.16±0.07 3.19±0.04 1.61±0.13 1.62±0.83
tGSH 6.73±0.15 4.34±0.10 3.36±0.11 6.12±0.03 6.10±0.05
SOD 6.37±0.12 3.56±0.06 3.51±0.07 6.18±0.17 6.12±0.08
CAT 5.82±0.08 3.27±0.06 3.22±0.07 5.77±0.08 5.74±0.09
ALT 37.83±3.71 87.50±6.16 83.33±4.55 41.17±4.07 39.83±4.40
AST 36.17±6.11 267.50±6.69 268.50±6.83 47.17±6.74 48.83±9.95
*p<0.001 compared with HG group, **p>0.05 compared with TMT-500. MDA: Malondialdehyde, tGSH: Total glutathione, SOD: Superoxide dismutase, CAT: Catalase,
ALT: Alanine aminotransaminase, AST: Aspartate aminotransferase. Healthy group (HG), 500 mg kgG1 metamizole (MT-500),  1000  mg  kgG1  metamizole  (MT-1000),
25 mg kgG1 TPP+500 mg kgG1 metamizole (TMT-500) and 25 mg kgG1 TPP+1000 mg kgG1 metamizole (TMT-1000) groups (N = 6)

Histopathologic   findings:   When   examined
histopathologically, statistically significant differences were
found between the groups (Table 2). The liver tissue of the
healthy group had a normal appearance (Fig. 4). However,
grade-2   necrosis   and   mononuclear   cell   infiltrations   were

observed in hepatocytes (Fig. 5) in liver tissues of the animals
in MT-500 and MT-1000 groups treated with metamizole at
the doses of 500 and 1000 mg kgG1. The congestion at grade
0-1 interval was observed in the liver tissue of TMT-500 and
TMT-1000 groups treated with TPP (Fig. 6).
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Fig. 3(a-b): ALT and AST levels of the liver tissue in experimental groups. Healthy group (HG), 500 mg kgG1 metamizole (MT-500),
1000  mg  kgG1  metamizole  (MT-1000),  25  mg  kgG1  TPP+500  mg  kgG1  metamizole  (TMT-500)  and  25  mg  kgG1

TPP+1000 mg kgG1 metamizole (TMT-1000) groups
*p<0.001 according to HG, MT-500 and MT-1000 groups and **p>0.05 according to HG group, TMT-500 and TMT-1000

Fig. 4: Normal histological structure of liver tissue of HG group

Fig. 5(a-d): Histopathological appearance in liver tissue of the (a-b) MT-500 group and (c-d) MT-1000 group
*Moderate necrosis in hepatocytes (HxE) and Arrow: Moderate mononuclear cell infiltrations evidence (HxE)
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Fig. 6(a-b): (a) Histopathological appearance in liver tissue of the TMT-500 group and (b) TMT-1000 group
Arrowhead: Moderate congestion (HxE)

Table 2: Histopathological examination of liver tissue
Group Necrosis Cell Infiltration Congestion
HG 0 (0-0) 0 (0-0) 0 (0-0)
MT-500 1 (1-2) 2 (1-2) 0 (0-1)
MT-1000 1 (1-2) 2 (1-2) 0 (0-1)
TMT-500 0 (0-0) 0 (0-0) 0 (0-1)
TMT-1000 0 (0-0) 0 (0-0) 0 (0-1)
Histopathological  grading,  0:  Normal,  1:  Mild  injury,  2:  Moderate  injury  and
3:  Severe  injury.  Healthy  group  (HG),  500  mg  kgG1  metamizole  (MT-500),
1000 mg kgG1 metamizole (MT-1000), 25 mg kgG1 TPP+500 mg kgG1 metamizole
(TMT-500) and 25 mg kgG1 TPP+1000 mg kgG1 metamizole  (TMT-1000)  groups
(N = 6). Results are expressed as median (minimum-maximum)

DISCUSSION

In this study, the effect of TPP against possible liver injury
and dysfunction of metamizole in rats was analyzed
biochemically and histopathologically. The biochemical
findings revealed that metamizole at the doses of 500 and
1000 mg kgG1 significantly increased the amount of MDA, but
significantly decreased the levels of endogenous antioxidants
such as tGSH, SOD and CAT in the liver tissue of the rats. The
reason to measure the amount of MDA to analyze
metamizole-associated liver injury was its being an important
indicator for oxidative damage14. The MDA as the final product
of the LPO reaction impaired cell membrane permeability led
to cross-linking of membrane compounds and caused cell
damage15. It was reported in previous studies that NSAID
drugs increased the production of ROS in the liver and caused
oxidative damage inducing LPO16,17. In the experimental study
of Ertekin et al.18, it was expressed that high dose metamizole
significantly increased the MDA level in serum samples. In this
study,  it  was  determined  that  metamizole  at  the  doses  of
500 and 1000 mg kgG1 significantly increased the MDA level in
liver tissue of rats in accordance with the literature. High MDA
level in the metamizole group indicated that the antioxidant
defense system was insufficient to protect the liver tissue
against oxidative stress.

Measuring the changes in antioxidant levels was one of
the most frequently used methods to elucidate the
mechanism of liver toxicity induced by oxygen radicals19.
Therefore, tGSH level known as the endogenous antioxidant
was measured in our study. The GSH as a low molecular
weight tripeptide was an important enzyme that acted as a
cellular antioxidant and protected the cells from oxidative
damage reacting with ROS20. Previous studies reported that
GSH suppressed LPO in liver microsomes of the experimental
animals21. Moreover, it was determined that the decrease at
GSH amount caused an increase at LPO22. As could be
understood from our experimental results, tGSH was noticed
to  be  decreased  at  equal  levels  in  liver  tissues  of  500  and
1000 mg kgG1 metamizole groups. Yapar et al.23 reported that
high dose metamizole significantly decreased GSH level in
parallel with the increase in oxidant in the liver tissue of mice.

The other enzymatic antioxidants decreased in liver
tissues of metamizole group were SOD and CAT in our study.
Both SOD and CAT enzymes reduced the oxidative damage
breaking down H2O2 and reducing superoxide radical as the
most effective way to protect the cell from damage. These
enzymes acted together to eliminate ROS and the decrease in
their activities caused cell structures to be negatively
affected24,25. As could be noticed from our findings, a
significant decrease was determined in SOD and CAT levels in
liver tissue of rats as result of both metamizole doses. In the
existing literature, there were no studies revealing SOD and
CAT decrease in metamizole-induced liver injury. However,
there were studies reporting the oxidative damage developed
in liver tissue with decreased SOD and CAT enzyme
activities26,27.

The transition of ALT and AST enzymes as the most
important biomarkers for the diagnosis of liver diseases to
plasma or serum was the most important symptom of liver
injury28. The increase in serum levels of these enzymes resulted
from their mixing with the blood as result of damage to the
structural  integrity  of  hepatocytes29.  It  was  observed  in  a
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previous study that serum  ALT  and  AST  activities increased
as result of metamizole-induced liver injury in mice23.
Furthermore, in a report by Krisai et al.5, hepatotoxicity
developed due to the increase in serum ALT and AST activities
as result of metamizole treatment. In this study, serum ALT
and AST levels were determined to be increased in rats treated
with metamizole. We considered that the increase in serum
ALT and AST levels was probably induced by oxidative stress.

The TPP that was tested in terms of its effect of
metamizole against possible liver toxicity significantly reduced
the increase of MDA with metamizole. Yilmaz et al.12 reported
that TTP prevented liver injury inhibiting the increase in MDA.
Moreover, Delen et al.30 reported that the MDA level increased
in rats due to oxidative liver injury induced by propofol
decreased significantly as result of TTP treatment. Current
findings  were  coherent  with  the  findings  of  the  studies
that associated the hepatoprotective effect of TTP with its
antioxidant activity. The TTP also significantly suppressed the
decrease in metamizole-induced tGSH, SOD and CAT levels in
liver tissue. The experimental results in this study indicated
that TTP inhibited the change of oxidant-antioxidant balance
in favor of oxidants in liver tissue. It was revealed in the
literature that TTP protected the liver tissue from oxidative
stress preventing the decrease in antioxidant levels such as
tGSH, SOD and CAT30. The results of this current study also
supported  previous  studies  suggesting  that  TTP  protected
the liver tissue against oxidative damage. As result of TTP
treatment, ALT and AST levels were found to approach to the
normal values in both metamizole groups. Supporting our
experimental results, there were studies reporting that TTP
prevented the increase in serum ALT and AST levels and
alleviated liver injury in the literature11,12,19.

In this study, the biochemical experiment results were
consistent  with  the  histopathological  findings.  The
histopathological  findings  indicated  that  necrosis  and
mononuclear cell infiltrations developed in the hepatocytes of
the groups treated at the doses of 500 and 1000 mg kgG1.
Supporting these histopathological outputs, the findings such
as necrosis, apoptosis, fibrosis, moderate portal and lobular
hepatitis were reported in liver tissue of the patients treated
with metamizole31. Moreover, in this study, treatment with TPP
significantly suppressed the damage induced by metamizole.
These findings were consistent with the ones in the study
carried out by Delen et al.30 reporting that TTP prevented
oxidative liver injury induced by propofol.

CONCLUSION

Consequently, it was proved in this study that metamizole
caused  increase  in  oxidant  and  decrease  in  antioxidants  in

liver tissue. Moderate level histopathological damage was
specified in both metamizole groups with necrosis and
moderate mononuclear cell infiltration. Moreover, it was
noticed that oxidative liver injury induced by metamizole
treatment was reduced by the effect of TTP and antioxidant
capacity was protected. The TTP was also indicated to alleviate
histopathological damage in liver. Metamizole was possible to
cause moderate damage to liver tissue. Therefore, it was
considered that the use of TTP to reduce liver toxicity could be
clinically beneficial.

SIGNIFICANCE STATEMENT

The purpose of this study was to examine the effect of
thiamine pyrophosphate (TPP) against possible liver injury and
dysfunction of metamizole in rats. It is known that the NSAID
drug diclofenac has a toxic effect on the liver. However, there
is no evidence about whether metamizole increases liver
damage.  This  study  discovers  that  TPP  protects  the  liver
from metamizole-induced damage by decreasing oxidative
variables and increasing antioxidants in rats. It contributes to
TPP by reducing the production of ALT and AST. So, a new
theory on TPP may be effective in preventing the toxic effects
of metamizole on the liver. However, the effect of metamizole
on liver tissue at different doses is recommended to be
investigated. The dose that produced minimal and maximal
toxic effects is necessary to be determined.
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