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INTRODUCTION
The findings of the study demonstrated that the 
MCM was a highly effective and patient-friendly 
approach for the reduction of anterior shoulder 
dislocations, achieving the highest success rate 
(93.3%) compared to the Hippocratic (83.3%), 
Kocher (76.7%), and Stimson (63.3%) techniques. The 
success rate of the MCM in this study is comparable 
to the results reported by a previous study that 
showed the Chair Method had a success rate of 
97.8%, which was superior to the Kocher (97.5%), 
Spaso (94.8%), and Matsen (92.5%) methods4. 
Similarly, another study observed a significantly 
higher success rate for the MCM (96.5%) compared 
to the Hippocratic method (84.5%, p < 0.001), further 
supporting the effectiveness of the chair-based 
technique in reducing anterior shoulder 
dislocations5, 14, 15.

The lower success rates observed in the Kocher and 
Stimson methods in the present study are consistent 
with prior literature that reported the Kocher 
technique often requires multiple attempts and 
increases the risk of procedural failure due to muscle 
resistance, which is a known drawback of 
force-dependent maneuvers 16. Similarly, the 
Stimson method, which relies on gravitational 
traction without active manipulation, has been 
reported to have lower efficacy, as seen in previous 
study, where the success rate was significantly lower 

than Milch methods16.

The pain scores in this study further support the 
superiority of the MCM, with the lowest mean VAS 
pain score (4.00 ± 2.47) compared to Hippocratic 
(5.10 ± 2.54), Kocher (4.93 ± 2.64), and Stimson (5.23 
± 2.52), though the difference was not statistically 
significant (p = 0.233). Similar findings have been 
reported by previous study, where patients 
undergoing the Chair Method reported significantly 
lower intra-reduction pain levels (VAS 4.0 vs. 6.9 in 
Kocher and 6.8 in Matsen methods)4. Additionally, 
another study found that the MCM resulted in a 
significantly lower pain index (3.20) than the 
Hippocratic method (36.70, p < 0.001)5. These 
findings suggest that techniques that rely on patient 
relaxation rather than forceful manipulation tend to 
be better tolerated and cause less distress.

Complication rates were low across all groups, with 
89.2% of patients experiencing no adverse effects. 
The Kocher method exhibited the highest rate of 
iatrogenic fractures (10%), while the Stimson method 
had the highest recurrence rate (10%). These 
findings are consistent with previous studies, which 
reported that forceful external rotation in the Kocher 
method can predispose patients to iatrogenic 
fractures, particularly in elderly populations or 
patients with osteoporotic bone structures4, 5, 

18,19,20,21,22,23.

Regarding the need for analgesia, the MCM group 
had the lowest requirement (20%), while the Kocher 
group had the highest (33.3%), although this 
difference was not statistically significant (p = 0.687). 
This observation aligns with the literature, which 
found that methods involving gradual muscle 
relaxation, such as the Chair Method and Stimson 
method, required fewer pharmacological 
interventions compared to force-dependent 
techniques like the Kocher and Hippocratic 
methods17, 24,25,26.

The implications of this study support the MCM as a 
preferred technique for anterior shoulder dislocation 
reduction, particularly in emergency department 
settings where time efficiency and patient comfort 
are crucial. The findings align with previous research 
suggesting that techniques minimizing force, utilizing 
passive positioning, and reducing patient distress 
contribute to better outcomes. While this study 
provides strong evidence in favour of the MCM, 
several limitations must be considered. First, the 
study was conducted at a single center, limiting 
generalizability to broader populations. Second, 
long-term recurrence rates beyond 24 hours were 
not assessed, and further research with extended 
follow-up periods is necessary to evaluate the 
stability of reduction. Additionally, while procedures 
were performed by experienced physicians, 
operator dependency was not analyzed, and future 
studies should assess whether the MCM maintains its 
advantages in settings with varied skill levels.

CONCLUSION
The findings suggest that the MCM is the most 
effective technique for reducing anterior shoulder 
dislocations, demonstrating the highest success rate 
and lowest post-procedure pain levels. Although the 
need for analgesia and complication rates were not 
significantly different among groups, the MCM 
showed a trend toward better patient outcomes. 
These results support the use of this method as a 
preferred approach for closed reduction in clinical 
settings.

LIST OF AVBBREVIATIONS
MCM – Modified Chair Method
VAS – Visual Analog Scale
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ABSTRACT

Background: Methotrexate is a chemotherapeutic drug with toxic consequences to the liver. Honey 
has been documented to have healing properties. This study aimed to explore the alleviating effects 
of Honey in rats with Hematological and Hepatic variations provoked by Methotrexate.   

Methods: This experimental research was conducted at Baqai Medical University for one year. 45 
male albino Wistar rats were randomly divided into three groups. Control Group A with no 
intervention, treatment Group B with a single dose of Methotrexate of 20 mg/kg intraperitoneally 
and protected Group C with 10g/kg honey by gastric gavage for 7 days and 20 mg/kg of 
Methotrexate on the 4th day. At the end of the experiment, blood and liver samples were collected 
for liver enzymes and microscopic investigation. SPSS v25.0 was used for statistical analysis, with 
values as Mean ± SD, ANOVA for group comparisons, post hoc Tukey's test, and p<0.05 considered 
significant at a 95% confidence interval.

Results: The ultimate body weight of Group B was reduced (162±2.58); whereas the relative and 
absolute weight of the liver increased (9.54±1.42) and (5.89±0.91) respectively. The levels of ALT 
(51.27±15.35), AST (103.41±2.68), ALP (353.64±2.54) and albumin (4.19±5.36) in the serum notably 
increased, while Group C showed significant improvement. Sections from Group A’s liver appeared 
to have normal parenchyma whereas it was altered in Group B, however Group C showed 
improvement. The hepatocyte counts per reticule decreased (7.18±1.36) significantly in Group B, 
while hepatocyte diameter increased (17.6±1.51) and nuclear diameter decreased (5.29±1.41). In 
contrast, all measurements showed improvement in Group C.

Conclusion: This study indicated that Honey was able to alleviate Methotrexate induced 
hematological and hepatotoxic alterations.
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INTRODUCTION
The findings of the study demonstrated that the 
MCM was a highly effective and patient-friendly 
approach for the reduction of anterior shoulder 
dislocations, achieving the highest success rate 
(93.3%) compared to the Hippocratic (83.3%), 
Kocher (76.7%), and Stimson (63.3%) techniques. The 
success rate of the MCM in this study is comparable 
to the results reported by a previous study that 
showed the Chair Method had a success rate of 
97.8%, which was superior to the Kocher (97.5%), 
Spaso (94.8%), and Matsen (92.5%) methods4. 
Similarly, another study observed a significantly 
higher success rate for the MCM (96.5%) compared 
to the Hippocratic method (84.5%, p < 0.001), further 
supporting the effectiveness of the chair-based 
technique in reducing anterior shoulder 
dislocations5, 14, 15.

The lower success rates observed in the Kocher and 
Stimson methods in the present study are consistent 
with prior literature that reported the Kocher 
technique often requires multiple attempts and 
increases the risk of procedural failure due to muscle 
resistance, which is a known drawback of 
force-dependent maneuvers 16. Similarly, the 
Stimson method, which relies on gravitational 
traction without active manipulation, has been 
reported to have lower efficacy, as seen in previous 
study, where the success rate was significantly lower 

than Milch methods16.

The pain scores in this study further support the 
superiority of the MCM, with the lowest mean VAS 
pain score (4.00 ± 2.47) compared to Hippocratic 
(5.10 ± 2.54), Kocher (4.93 ± 2.64), and Stimson (5.23 
± 2.52), though the difference was not statistically 
significant (p = 0.233). Similar findings have been 
reported by previous study, where patients 
undergoing the Chair Method reported significantly 
lower intra-reduction pain levels (VAS 4.0 vs. 6.9 in 
Kocher and 6.8 in Matsen methods)4. Additionally, 
another study found that the MCM resulted in a 
significantly lower pain index (3.20) than the 
Hippocratic method (36.70, p < 0.001)5. These 
findings suggest that techniques that rely on patient 
relaxation rather than forceful manipulation tend to 
be better tolerated and cause less distress.

Complication rates were low across all groups, with 
89.2% of patients experiencing no adverse effects. 
The Kocher method exhibited the highest rate of 
iatrogenic fractures (10%), while the Stimson method 
had the highest recurrence rate (10%). These 
findings are consistent with previous studies, which 
reported that forceful external rotation in the Kocher 
method can predispose patients to iatrogenic 
fractures, particularly in elderly populations or 
patients with osteoporotic bone structures4, 5, 

18,19,20,21,22,23.

Regarding the need for analgesia, the MCM group 
had the lowest requirement (20%), while the Kocher 
group had the highest (33.3%), although this 
difference was not statistically significant (p = 0.687). 
This observation aligns with the literature, which 
found that methods involving gradual muscle 
relaxation, such as the Chair Method and Stimson 
method, required fewer pharmacological 
interventions compared to force-dependent 
techniques like the Kocher and Hippocratic 
methods17, 24,25,26.

The implications of this study support the MCM as a 
preferred technique for anterior shoulder dislocation 
reduction, particularly in emergency department 
settings where time efficiency and patient comfort 
are crucial. The findings align with previous research 
suggesting that techniques minimizing force, utilizing 
passive positioning, and reducing patient distress 
contribute to better outcomes. While this study 
provides strong evidence in favour of the MCM, 
several limitations must be considered. First, the 
study was conducted at a single center, limiting 
generalizability to broader populations. Second, 
long-term recurrence rates beyond 24 hours were 
not assessed, and further research with extended 
follow-up periods is necessary to evaluate the 
stability of reduction. Additionally, while procedures 
were performed by experienced physicians, 
operator dependency was not analyzed, and future 
studies should assess whether the MCM maintains its 
advantages in settings with varied skill levels.

CONCLUSION
The findings suggest that the MCM is the most 
effective technique for reducing anterior shoulder 
dislocations, demonstrating the highest success rate 
and lowest post-procedure pain levels. Although the 
need for analgesia and complication rates were not 
significantly different among groups, the MCM 
showed a trend toward better patient outcomes. 
These results support the use of this method as a 
preferred approach for closed reduction in clinical 
settings.

LIST OF AVBBREVIATIONS
MCM – Modified Chair Method
VAS – Visual Analog Scale
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INTRODUCTION
Methotrexate (MTX) is a commonly used antifolate 
drug. Originally it was used as an anticancer 
medication; numerous cancers like prostate 
carcinoma, breast carcinoma, head and neck 
tumors, bladder cancers and leukemia were 
treated by it. While initially it was given in high 
dosage in numerous neoplastic conditions, however 
its use is now prevalent in lower dosage for 
prolonged durations for immunosuppression and 
anti-inflammatory treatments in diseases such as 
rheumatoid arthritis, systemic lupus erythematosus, 
and psoriasis1.  Because of its intolerable side effects, 
30% of cancer patients withdraw from the treatment 
with MTX2. In cancer cells it reversibly inhibits 
dihydrofolate reductase enzyme which leads to the 
disruption of the biosynthesis of nucleotides, in turn 
hindering DNA synthesis. This brings about a fall in 
cellular pathways essential for tumor advancement. 
This decline also affects other promptly splitting 
typical body’s cells, for instance the cells present in 
the bone marrow and hepatocytes, producing 
critical hematopoietic suppression as well as 
hepatotoxicity, which becomes a prominent reason 
for the cessation of chemotherapy1. An 
inflammatory reaction commences in the 
hepatocytes resulting in a disarray of hepatic 
architecture when MTX is administered which further 
leads to the decline of antioxidant enzymes, 
precipitating oxidative injury and oxidative 
degradation of lipids in liver tissue3,4.

Liver is the basic metabolic organ that metabolizes 
virtually all drugs that enter the body through its 
chemically driven biotransformation processes5. This 
biotransformation causes some drugs to become 
inactive whereas transforming other drugs to 
intensified byproducts, thus making hepatocytes 
more prone to injury6. Liver injury induced by drugs is 
one of the leading causes in patients with acute liver 
failure which accounts for approximately 5% of 
cases that eventually leads to hospital admission3,4. 
The biotransformation that MTX goes through 
creates insoluble metabolites, which results in 
oxidative injury in hepatocytes1.

 
 

 

Research has reported that the antioxidative 
influence of several chemicals and herbs can 
protect the liver tissue from injury induced by drugs7. 
Honey is a natural, ready-to-eat and an over 
enriched product, produced by honeybees. It is 
reported to have therapeutic properties8. It 
possesses substantial potential to mitigate oxidative 
stress and exhibits anti-metastatic, 
immune-modulatory, anti-inflammatory, 
anti-proliferative and pro-apoptotic effects9,10. In 
research, there has been documented 
liver-protective effects of honey11,12.

It was hypothesized that honey could help lessen 

the toxic effects produced on the liver by MTX. The 
rationale for the study was the need to explore 
natural antioxidants that can mitigate the liver 
damage induced by this commonly used drug 
through oxidative stress. The aim of the study was to 
examine the hematologic and hepatic cytotoxicity 
caused by MTX and assess the potential protective 
effects of Honey in rat models through 
hematological and microscopic histological 
interpretation. 

METHODS
This experimental study was carried out in the animal 
house of Baqai Medical University and the Anatomy 
Department of Jinnah Medical and Dental College. 
Ethical approval was granted by the Baqai Board of 
Advance Research and Studies (BMU:EC-2017/04). 
For the study, a 50 mg of locally manufactured MTX 
injection (Unitraxate®) and pure honey (authorized 
by Pakistan Council of Scientific and Industrial 
Research Laboratories, Karachi) was acquired.
Forty-five, 10-12 weeks old male Wistar Albino rats 
were selected in this study, through random 
sampling. They weighed between 180 and 200 
grams. The rats which were diseased and 
underweight were eliminated. They were 
accommodated in environmentally controlled clear 
plastic cages. They received laboratory pellet diet 
and limitless access to water. Prior to 
experimentation, they were habituated for 15 days. 
Keeping in terms with the ethical standards of 
Pakistan, all the animals were well taken care of 
accordingly.

Rats were randomly grouped as A, B and C, 15 rats 
in each. Group A was the control group that 
received no intervention. Group B, was the 
treatment group, received MTX on the 4th day of 
study at the dose of 20 mg/kg intraperitoneally. 
Group C was the protected group which was given 
10 g/kg honey via gastric gavage for 7 days 
alongside 20 mg/kg dose of MTX through 
intraperitoneal route on day 4.

Animals received oral dose of honey after overnight 
starvation. For concurrent dosing of honey and MTX, 
honey was administered orally first and after an 
hour, MTX was given through an insulin needle. 
Weights were recorded daily. On the study’s eighth 
day, animals were anesthetized, dissected with a 
midline incision and their organs were uncovered. 
In a 5cc syringe, blood sample was obtained 
through cardiac puncture and was later stored in 
Serum Separator Tube to analyze serum albumin 
and the liver enzymes biochemically; Alkaline 
Phosphatase (ALP), Alanine Transaminase or Serum 
Glutamate Pyruvate Transaminase (ALT/SGPT), 
Aspartate aminotransferase or Serum 
Glutamic-oxaloacetic Transaminase (AST/SGOT).
The liver was reaped, examined grossly and the 

weight was measured. Afterwards it was washed 
using normal saline and preserved in 10% formalin. 
Later, it was run through a tissue processor and 
made into paraffin blocks. Using a microtome, 
sections of 5 micrometers in thickness were made. 
Histological slides of these sections were made with 
H&E staining. Light microscope was used to observe 
the tissue.

Micrometric observations of the diameter of a 
hepatocyte and its nucleus were manually 
recorded at 100X and 400X magnification, 
maneuvering a stage micrometer and an ocular 
micrometer scale. Hepatocyte count was 

determined with the help of an ocular reticule that 
consisted of 100 squares with an area of 625 µm2. 
Five random microscopic fields from each liver were 
selected and their average was documented.

SPSS version 25.0 was used to statistically analyze the 
data. The values were stated as mean and standard 
deviation (Mean ± SD). ANOVA was used to 
compare means among different groups, with post 
hoc Tukey's test to follow. A p-value of <0.05 was 
considered statistically significant at a 95% 
confidence interval.
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INTRODUCTION
The findings of the study demonstrated that the 
MCM was a highly effective and patient-friendly 
approach for the reduction of anterior shoulder 
dislocations, achieving the highest success rate 
(93.3%) compared to the Hippocratic (83.3%), 
Kocher (76.7%), and Stimson (63.3%) techniques. The 
success rate of the MCM in this study is comparable 
to the results reported by a previous study that 
showed the Chair Method had a success rate of 
97.8%, which was superior to the Kocher (97.5%), 
Spaso (94.8%), and Matsen (92.5%) methods4. 
Similarly, another study observed a significantly 
higher success rate for the MCM (96.5%) compared 
to the Hippocratic method (84.5%, p < 0.001), further 
supporting the effectiveness of the chair-based 
technique in reducing anterior shoulder 
dislocations5, 14, 15.

The lower success rates observed in the Kocher and 
Stimson methods in the present study are consistent 
with prior literature that reported the Kocher 
technique often requires multiple attempts and 
increases the risk of procedural failure due to muscle 
resistance, which is a known drawback of 
force-dependent maneuvers 16. Similarly, the 
Stimson method, which relies on gravitational 
traction without active manipulation, has been 
reported to have lower efficacy, as seen in previous 
study, where the success rate was significantly lower 

than Milch methods16.

The pain scores in this study further support the 
superiority of the MCM, with the lowest mean VAS 
pain score (4.00 ± 2.47) compared to Hippocratic 
(5.10 ± 2.54), Kocher (4.93 ± 2.64), and Stimson (5.23 
± 2.52), though the difference was not statistically 
significant (p = 0.233). Similar findings have been 
reported by previous study, where patients 
undergoing the Chair Method reported significantly 
lower intra-reduction pain levels (VAS 4.0 vs. 6.9 in 
Kocher and 6.8 in Matsen methods)4. Additionally, 
another study found that the MCM resulted in a 
significantly lower pain index (3.20) than the 
Hippocratic method (36.70, p < 0.001)5. These 
findings suggest that techniques that rely on patient 
relaxation rather than forceful manipulation tend to 
be better tolerated and cause less distress.

Complication rates were low across all groups, with 
89.2% of patients experiencing no adverse effects. 
The Kocher method exhibited the highest rate of 
iatrogenic fractures (10%), while the Stimson method 
had the highest recurrence rate (10%). These 
findings are consistent with previous studies, which 
reported that forceful external rotation in the Kocher 
method can predispose patients to iatrogenic 
fractures, particularly in elderly populations or 
patients with osteoporotic bone structures4, 5, 

18,19,20,21,22,23.

Regarding the need for analgesia, the MCM group 
had the lowest requirement (20%), while the Kocher 
group had the highest (33.3%), although this 
difference was not statistically significant (p = 0.687). 
This observation aligns with the literature, which 
found that methods involving gradual muscle 
relaxation, such as the Chair Method and Stimson 
method, required fewer pharmacological 
interventions compared to force-dependent 
techniques like the Kocher and Hippocratic 
methods17, 24,25,26.

The implications of this study support the MCM as a 
preferred technique for anterior shoulder dislocation 
reduction, particularly in emergency department 
settings where time efficiency and patient comfort 
are crucial. The findings align with previous research 
suggesting that techniques minimizing force, utilizing 
passive positioning, and reducing patient distress 
contribute to better outcomes. While this study 
provides strong evidence in favour of the MCM, 
several limitations must be considered. First, the 
study was conducted at a single center, limiting 
generalizability to broader populations. Second, 
long-term recurrence rates beyond 24 hours were 
not assessed, and further research with extended 
follow-up periods is necessary to evaluate the 
stability of reduction. Additionally, while procedures 
were performed by experienced physicians, 
operator dependency was not analyzed, and future 
studies should assess whether the MCM maintains its 
advantages in settings with varied skill levels.

CONCLUSION
The findings suggest that the MCM is the most 
effective technique for reducing anterior shoulder 
dislocations, demonstrating the highest success rate 
and lowest post-procedure pain levels. Although the 
need for analgesia and complication rates were not 
significantly different among groups, the MCM 
showed a trend toward better patient outcomes. 
These results support the use of this method as a 
preferred approach for closed reduction in clinical 
settings.
 
LIST OF AVBBREVIATIONS
MCM – Modified Chair Method
VAS – Visual Analog Scale
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INTRODUCTION
Methotrexate (MTX) is a commonly used antifolate 
drug. Originally it was used as an anticancer 
medication; numerous cancers like prostate 
carcinoma, breast carcinoma, head and neck 
tumors, bladder cancers and leukemia were 
treated by it. While initially it was given in high 
dosage in numerous neoplastic conditions, however 
its use is now prevalent in lower dosage for 
prolonged durations for immunosuppression and 
anti-inflammatory treatments in diseases such as 
rheumatoid arthritis, systemic lupus erythematosus, 
and psoriasis1.  Because of its intolerable side effects, 
30% of cancer patients withdraw from the treatment 
with MTX2. In cancer cells it reversibly inhibits 
dihydrofolate reductase enzyme which leads to the 
disruption of the biosynthesis of nucleotides, in turn 
hindering DNA synthesis. This brings about a fall in 
cellular pathways essential for tumor advancement. 
This decline also affects other promptly splitting 
typical body’s cells, for instance the cells present in 
the bone marrow and hepatocytes, producing 
critical hematopoietic suppression as well as 
hepatotoxicity, which becomes a prominent reason 
for the cessation of chemotherapy1. An 
inflammatory reaction commences in the 
hepatocytes resulting in a disarray of hepatic 
architecture when MTX is administered which further 
leads to the decline of antioxidant enzymes, 
precipitating oxidative injury and oxidative 
degradation of lipids in liver tissue3,4.
 
Liver is the basic metabolic organ that metabolizes 
virtually all drugs that enter the body through its 
chemically driven biotransformation processes5. This 
biotransformation causes some drugs to become 
inactive whereas transforming other drugs to 
intensified byproducts, thus making hepatocytes 
more prone to injury6. Liver injury induced by drugs is 
one of the leading causes in patients with acute liver 
failure which accounts for approximately 5% of 
cases that eventually leads to hospital admission3,4. 
The biotransformation that MTX goes through 
creates insoluble metabolites, which results in 
oxidative injury in hepatocytes1.
  
Research has reported that the antioxidative 
influence of several chemicals and herbs can 
protect the liver tissue from injury induced by drugs7. 
Honey is a natural, ready-to-eat and an over 
enriched product, produced by honeybees. It is 
reported to have therapeutic properties8. It 
possesses substantial potential to mitigate oxidative 
stress and exhibits anti-metastatic, 
immune-modulatory, anti-inflammatory, 
anti-proliferative and pro-apoptotic effects9,10. In 
research, there has been documented 
liver-protective effects of honey11,12.
   
It was hypothesized that honey could help lessen 

the toxic effects produced on the liver by MTX. The 
rationale for the study was the need to explore 
natural antioxidants that can mitigate the liver 
damage induced by this commonly used drug 
through oxidative stress. The aim of the study was to 
examine the hematologic and hepatic cytotoxicity 
caused by MTX and assess the potential protective 
effects of Honey in rat models through 
hematological and microscopic histological 
interpretation. 

METHODS
This experimental study was carried out in the animal 
house of Baqai Medical University and the Anatomy 
Department of Jinnah Medical and Dental College. 
Ethical approval was granted by the Baqai Board of 
Advance Research and Studies (BMU:EC-2017/04). 
For the study, a 50 mg of locally manufactured MTX 
injection (Unitraxate®) and pure honey (authorized 
by Pakistan Council of Scientific and Industrial 
Research Laboratories, Karachi) was acquired.
Forty-five, 10-12 weeks old male Wistar Albino rats 
were selected in this study, through random 
sampling. They weighed between 180 and 200 
grams. The rats which were diseased and 
underweight were eliminated. They were 
accommodated in environmentally controlled clear 
plastic cages. They received laboratory pellet diet 
and limitless access to water. Prior to 
experimentation, they were habituated for 15 days. 
Keeping in terms with the ethical standards of 
Pakistan, all the animals were well taken care of 
accordingly.

Rats were randomly grouped as A, B and C, 15 rats 
in each. Group A was the control group that 
received no intervention. Group B, was the 
treatment group, received MTX on the 4th day of 
study at the dose of 20 mg/kg intraperitoneally. 
Group C was the protected group which was given 
10 g/kg honey via gastric gavage for 7 days 
alongside 20 mg/kg dose of MTX through 
intraperitoneal route on day 4.
 
Animals received oral dose of honey after overnight 
starvation. For concurrent dosing of honey and MTX, 
honey was administered orally first and after an 
hour, MTX was given through an insulin needle. 
Weights were recorded daily. On the study’s eighth 
day, animals were anesthetized, dissected with a 
midline incision and their organs were uncovered. 
In a 5cc syringe, blood sample was obtained 
through cardiac puncture and was later stored in 
Serum Separator Tube to analyze serum albumin 
and the liver enzymes biochemically; Alkaline 
Phosphatase (ALP), Alanine Transaminase or Serum 
Glutamate Pyruvate Transaminase (ALT/SGPT), 
Aspartate aminotransferase or Serum 
Glutamic-oxaloacetic Transaminase (AST/SGOT).
The liver was reaped, examined grossly and the 

weight was measured. Afterwards it was washed 
using normal saline and preserved in 10% formalin. 
Later, it was run through a tissue processor and 
made into paraffin blocks. Using a microtome, 
sections of 5 micrometers in thickness were made. 
Histological slides of these sections were made with 
H&E staining. Light microscope was used to observe 
the tissue.
 
Micrometric observations of the diameter of a 
hepatocyte and its nucleus were manually 
recorded at 100X and 400X magnification, 
maneuvering a stage micrometer and an ocular 
micrometer scale. Hepatocyte count was 

determined with the help of an ocular reticule that 
consisted of 100 squares with an area of 625 µm2. 
Five random microscopic fields from each liver were 
selected and their average was documented.

SPSS version 25.0 was used to statistically analyze the 
data. The values were stated as mean and standard 
deviation (Mean ± SD). ANOVA was used to 
compare means among different groups, with post 
hoc Tukey's test to follow. A p-value of <0.05 was 
considered statistically significant at a 95% 
confidence interval.

Groups Weight-Initial (gm) 

Mean ± 

SD 

Weight-Final 
(gm) 

Mean ± 

SD 

Absolute 
weight of Liver 

(gm) 

Mean ± 

SD 

Relative weight of 
Liver (gm) 

Mean ± 

SD 

A-Control 187.02 ± 2.59 201 ± 2.58 6.2 ± 1.50 3.03 ± 0.76 

B-MTX Treated 203.83 ± 2.31 162 ± 2.58 a 9.54 ± 1.42 a 5.89 ± 0.91 a 

C-MTX + 
Honey 

198.98 ± 2.57 181 ± 1.49 ab 7.11 ± 0.67 b 3.95 ± 0.38 ab 

RESULTS 

Table 1: Statistics of Weight 

a statistically significant (P<0.05) in comparison to group A  
b statistically significant (P<0.05) in comparison to group B  

Table 1 shows the final and initial body and organ of the different groups as Mean with SD. Group B treated 
with MTX, their final body weight declined significantly when compared with the controls. However, Group 
C treated with MTX + Honey, their final body weight was significantly more than the final weight of Group B. 
In both Group B and C, the liver weights (relative and absolute both) increased significantly in comparison 
to the control group whereas in the protected Group C a significant decrease was noticed when compared 
to the treatment Group B. 

Groups Levels of ALT in 
Serum ( /L) 

Mean ± 

SD 

Levels of AST in 
Serum ( /L) 

Mean ± 

SD 

Levels of ALP in 
Serum ( /L) 

Mean ± 

SD 

Levels of Albumin 
in Serum (G/Dl) 

Mean ± 

SD 

A-Control 33.7 ± 1.51 59.96 ± 2.47 190.71 ± 2.33 3.22 ± 0.49 

B-MTX 
Treated 

51.27 ± 15.35 a 103.41 ± 2.68 a 353.64 ± 2.54 a 4.19 ± 5.36 

C-MTX + 
Honey 

41.1 ± 1.46 ab 63.72 ± 1.18 b 205.6 ± 1.51 ab 3.65 ± 0.66 

Table 2 Hematological Parameters of the Different Groups 

a statistically significant (P<0.05) in comparison to group A 
b statistically significant (P<0.05) in comparison to group B 
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INTRODUCTION
The findings of the study demonstrated that the 
MCM was a highly effective and patient-friendly 
approach for the reduction of anterior shoulder 
dislocations, achieving the highest success rate 
(93.3%) compared to the Hippocratic (83.3%), 
Kocher (76.7%), and Stimson (63.3%) techniques. The 
success rate of the MCM in this study is comparable 
to the results reported by a previous study that 
showed the Chair Method had a success rate of 
97.8%, which was superior to the Kocher (97.5%), 
Spaso (94.8%), and Matsen (92.5%) methods4. 
Similarly, another study observed a significantly 
higher success rate for the MCM (96.5%) compared 
to the Hippocratic method (84.5%, p < 0.001), further 
supporting the effectiveness of the chair-based 
technique in reducing anterior shoulder 
dislocations5, 14, 15.

The lower success rates observed in the Kocher and 
Stimson methods in the present study are consistent 
with prior literature that reported the Kocher 
technique often requires multiple attempts and 
increases the risk of procedural failure due to muscle 
resistance, which is a known drawback of 
force-dependent maneuvers 16. Similarly, the 
Stimson method, which relies on gravitational 
traction without active manipulation, has been 
reported to have lower efficacy, as seen in previous 
study, where the success rate was significantly lower 

than Milch methods16.

The pain scores in this study further support the 
superiority of the MCM, with the lowest mean VAS 
pain score (4.00 ± 2.47) compared to Hippocratic 
(5.10 ± 2.54), Kocher (4.93 ± 2.64), and Stimson (5.23 
± 2.52), though the difference was not statistically 
significant (p = 0.233). Similar findings have been 
reported by previous study, where patients 
undergoing the Chair Method reported significantly 
lower intra-reduction pain levels (VAS 4.0 vs. 6.9 in 
Kocher and 6.8 in Matsen methods)4. Additionally, 
another study found that the MCM resulted in a 
significantly lower pain index (3.20) than the 
Hippocratic method (36.70, p < 0.001)5. These 
findings suggest that techniques that rely on patient 
relaxation rather than forceful manipulation tend to 
be better tolerated and cause less distress.

Complication rates were low across all groups, with 
89.2% of patients experiencing no adverse effects. 
The Kocher method exhibited the highest rate of 
iatrogenic fractures (10%), while the Stimson method 
had the highest recurrence rate (10%). These 
findings are consistent with previous studies, which 
reported that forceful external rotation in the Kocher 
method can predispose patients to iatrogenic 
fractures, particularly in elderly populations or 
patients with osteoporotic bone structures4, 5, 

18,19,20,21,22,23.

Regarding the need for analgesia, the MCM group 
had the lowest requirement (20%), while the Kocher 
group had the highest (33.3%), although this 
difference was not statistically significant (p = 0.687). 
This observation aligns with the literature, which 
found that methods involving gradual muscle 
relaxation, such as the Chair Method and Stimson 
method, required fewer pharmacological 
interventions compared to force-dependent 
techniques like the Kocher and Hippocratic 
methods17, 24,25,26.

The implications of this study support the MCM as a 
preferred technique for anterior shoulder dislocation 
reduction, particularly in emergency department 
settings where time efficiency and patient comfort 
are crucial. The findings align with previous research 
suggesting that techniques minimizing force, utilizing 
passive positioning, and reducing patient distress 
contribute to better outcomes. While this study 
provides strong evidence in favour of the MCM, 
several limitations must be considered. First, the 
study was conducted at a single center, limiting 
generalizability to broader populations. Second, 
long-term recurrence rates beyond 24 hours were 
not assessed, and further research with extended 
follow-up periods is necessary to evaluate the 
stability of reduction. Additionally, while procedures 
were performed by experienced physicians, 
operator dependency was not analyzed, and future 
studies should assess whether the MCM maintains its 
advantages in settings with varied skill levels.

CONCLUSION
The findings suggest that the MCM is the most 
effective technique for reducing anterior shoulder 
dislocations, demonstrating the highest success rate 
and lowest post-procedure pain levels. Although the 
need for analgesia and complication rates were not 
significantly different among groups, the MCM 
showed a trend toward better patient outcomes. 
These results support the use of this method as a 
preferred approach for closed reduction in clinical 
settings.
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The mean values with standard deviation (SD) of biochemical parameters, including levels of ALP, ALT, AST, 
and albumin in the serum are given in Table 2. ALP, ALT, and AST in group B and C appeared to have a 
significant surge in their levels in contrast to the control whereas Group C’s levels showed a decline when 
compared with group B. Serum albumin level exhibited a similar pattern but the difference between the 
groups was statistically insignificant (Table 2).  

 
Regular parenchyma was observed on the liver sections of the control group A. Central vein is seen in the 
middle indicating a typical hepatic lobule. Hepatic cords are radiating out from the central vein which have 
hepatocytes arranged alongside it. A portal triad can be seen at the periphery containing a hepatic artery, 
portal vein and a bile duct. Narrow blood sinusoids lined with epithelium are present between the hepatic 
chords. Round vesicular nuclei with acidophilic cytoplasm around it are present in the polyhedral 
hepatocytes (Figure 1).  

Figure 1: Shows the control liver at 100X; Typical hepatic lobule with a portal triad ( ) at the periphery which 
contains a hepatic artery (a), bile duct (b) and a portal vein (v). It also contains a central vein (CV) in the 
middle; Endothelium lined Sinusoids (Blue arrow); Polyhedral Hepatocytes with vesicular nuclei and 
acidophilic cytoplasm (single arrow), some are binucleated (double arrow). 

 
The Group B, MTX treated group’s liver section revealed altered liver morphology with disarrangement of 
typical hepatic lobules. Disorganization of the hepatocytes' radial cords was noticed. Zones were showing 
degeneration, hemorrhage, and necrosis. The sinusoids and the central vein were enlarged but showing 
congestion, with lymphocytic infiltration seen around the central vein. Hydropic ballooning degeneration 
was exhibited by the hepatocytes while nuclear changes included fragmentation and pyknosis. The portal 
triad showed evidence of infiltration of mononuclear cells present within and around it (Figure 2 & 3)

Figure 2. Liver treated with MTX shown at 100X; Dilated sinusoids with hemorrhage (green arrows) and 
inflammatory cellular infiltration seen in the dilated central vein (CV); altered portal triad ( ); Hepatocytes 
with hydropic ballooning in the cytoplasm and nucleus with pyknosis (blue arrow). 
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INTRODUCTION
The findings of the study demonstrated that the 
MCM was a highly effective and patient-friendly 
approach for the reduction of anterior shoulder 
dislocations, achieving the highest success rate 
(93.3%) compared to the Hippocratic (83.3%), 
Kocher (76.7%), and Stimson (63.3%) techniques. The 
success rate of the MCM in this study is comparable 
to the results reported by a previous study that 
showed the Chair Method had a success rate of 
97.8%, which was superior to the Kocher (97.5%), 
Spaso (94.8%), and Matsen (92.5%) methods4. 
Similarly, another study observed a significantly 
higher success rate for the MCM (96.5%) compared 
to the Hippocratic method (84.5%, p < 0.001), further 
supporting the effectiveness of the chair-based 
technique in reducing anterior shoulder 
dislocations5, 14, 15.

The lower success rates observed in the Kocher and 
Stimson methods in the present study are consistent 
with prior literature that reported the Kocher 
technique often requires multiple attempts and 
increases the risk of procedural failure due to muscle 
resistance, which is a known drawback of 
force-dependent maneuvers 16. Similarly, the 
Stimson method, which relies on gravitational 
traction without active manipulation, has been 
reported to have lower efficacy, as seen in previous 
study, where the success rate was significantly lower 

than Milch methods16.

The pain scores in this study further support the 
superiority of the MCM, with the lowest mean VAS 
pain score (4.00 ± 2.47) compared to Hippocratic 
(5.10 ± 2.54), Kocher (4.93 ± 2.64), and Stimson (5.23 
± 2.52), though the difference was not statistically 
significant (p = 0.233). Similar findings have been 
reported by previous study, where patients 
undergoing the Chair Method reported significantly 
lower intra-reduction pain levels (VAS 4.0 vs. 6.9 in 
Kocher and 6.8 in Matsen methods)4. Additionally, 
another study found that the MCM resulted in a 
significantly lower pain index (3.20) than the 
Hippocratic method (36.70, p < 0.001)5. These 
findings suggest that techniques that rely on patient 
relaxation rather than forceful manipulation tend to 
be better tolerated and cause less distress.

Complication rates were low across all groups, with 
89.2% of patients experiencing no adverse effects. 
The Kocher method exhibited the highest rate of 
iatrogenic fractures (10%), while the Stimson method 
had the highest recurrence rate (10%). These 
findings are consistent with previous studies, which 
reported that forceful external rotation in the Kocher 
method can predispose patients to iatrogenic 
fractures, particularly in elderly populations or 
patients with osteoporotic bone structures4, 5, 

18,19,20,21,22,23.

Regarding the need for analgesia, the MCM group 
had the lowest requirement (20%), while the Kocher 
group had the highest (33.3%), although this 
difference was not statistically significant (p = 0.687). 
This observation aligns with the literature, which 
found that methods involving gradual muscle 
relaxation, such as the Chair Method and Stimson 
method, required fewer pharmacological 
interventions compared to force-dependent 
techniques like the Kocher and Hippocratic 
methods17, 24,25,26.

The implications of this study support the MCM as a 
preferred technique for anterior shoulder dislocation 
reduction, particularly in emergency department 
settings where time efficiency and patient comfort 
are crucial. The findings align with previous research 
suggesting that techniques minimizing force, utilizing 
passive positioning, and reducing patient distress 
contribute to better outcomes. While this study 
provides strong evidence in favour of the MCM, 
several limitations must be considered. First, the 
study was conducted at a single center, limiting 
generalizability to broader populations. Second, 
long-term recurrence rates beyond 24 hours were 
not assessed, and further research with extended 
follow-up periods is necessary to evaluate the 
stability of reduction. Additionally, while procedures 
were performed by experienced physicians, 
operator dependency was not analyzed, and future 
studies should assess whether the MCM maintains its 
advantages in settings with varied skill levels.

CONCLUSION
The findings suggest that the MCM is the most 
effective technique for reducing anterior shoulder 
dislocations, demonstrating the highest success rate 
and lowest post-procedure pain levels. Although the 
need for analgesia and complication rates were not 
significantly different among groups, the MCM 
showed a trend toward better patient outcomes. 
These results support the use of this method as a 
preferred approach for closed reduction in clinical 
settings.
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Figure 3. showing liver treated with MTX at 200X; Parenchyma seen with an influx of inflammatory cell inside 
the portal and periportal zones (blue arrows); Hepatocytes with a nucleus showing fragmentation and 
pyknosis with cytoplasmic hydropic (black arrow).

In the group treated with MTX and honey which was the protected Group C, the sections of the liver with 
morphological alterations showed improvement. The hepatocyte cords projecting from the central vein 
displayed a usual pattern. The sinusoids showed no dilation whereas the portal veins and central veins were 
only scarcely dilated. The periportal region displayed mild lymphocytic infiltration (Figure 4).

Figure 4. showing liver protected with honey at 200X; liver sinusoids (blue arrows) and moderately enlarged 
central vein (CV); Binucleated hepatocytes with vesicular nucleus (one arrow) and normal cytoplasm (two 
arrows). 

Groups Hepatocyte Count 
Per reticule 

Mean ± 

SD 

Hepatocyte Diameter 
( M) 

Mean ± 

SD 

Nuclear Diameters ( M) 

Mean ± 

SD 

A-Control 16.12 ± 1.51 13.34 ± 0.66 7.28 ± 1.51 

B-MTX Treated 7.18 ± 1.36 a 17.6 ± 1.51 a 5.29 ± 1.41 a 

C-MTX + Honey 13.81± 0.64 ab 15.15 ± 0.7 ab 6.7 ± 0.61 b 

a statistically significant (P<0.05) in comparison to group A 
b statistically significant (P<0.05) in comparison to group B 

Table 3. The Hepatic Morphometry 
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INTRODUCTION
The findings of the study demonstrated that the 
MCM was a highly effective and patient-friendly 
approach for the reduction of anterior shoulder 
dislocations, achieving the highest success rate 
(93.3%) compared to the Hippocratic (83.3%), 
Kocher (76.7%), and Stimson (63.3%) techniques. The 
success rate of the MCM in this study is comparable 
to the results reported by a previous study that 
showed the Chair Method had a success rate of 
97.8%, which was superior to the Kocher (97.5%), 
Spaso (94.8%), and Matsen (92.5%) methods4. 
Similarly, another study observed a significantly 
higher success rate for the MCM (96.5%) compared 
to the Hippocratic method (84.5%, p < 0.001), further 
supporting the effectiveness of the chair-based 
technique in reducing anterior shoulder 
dislocations5, 14, 15.

The lower success rates observed in the Kocher and 
Stimson methods in the present study are consistent 
with prior literature that reported the Kocher 
technique often requires multiple attempts and 
increases the risk of procedural failure due to muscle 
resistance, which is a known drawback of 
force-dependent maneuvers 16. Similarly, the 
Stimson method, which relies on gravitational 
traction without active manipulation, has been 
reported to have lower efficacy, as seen in previous 
study, where the success rate was significantly lower 

than Milch methods16.

The pain scores in this study further support the 
superiority of the MCM, with the lowest mean VAS 
pain score (4.00 ± 2.47) compared to Hippocratic 
(5.10 ± 2.54), Kocher (4.93 ± 2.64), and Stimson (5.23 
± 2.52), though the difference was not statistically 
significant (p = 0.233). Similar findings have been 
reported by previous study, where patients 
undergoing the Chair Method reported significantly 
lower intra-reduction pain levels (VAS 4.0 vs. 6.9 in 
Kocher and 6.8 in Matsen methods)4. Additionally, 
another study found that the MCM resulted in a 
significantly lower pain index (3.20) than the 
Hippocratic method (36.70, p < 0.001)5. These 
findings suggest that techniques that rely on patient 
relaxation rather than forceful manipulation tend to 
be better tolerated and cause less distress.

Complication rates were low across all groups, with 
89.2% of patients experiencing no adverse effects. 
The Kocher method exhibited the highest rate of 
iatrogenic fractures (10%), while the Stimson method 
had the highest recurrence rate (10%). These 
findings are consistent with previous studies, which 
reported that forceful external rotation in the Kocher 
method can predispose patients to iatrogenic 
fractures, particularly in elderly populations or 
patients with osteoporotic bone structures4, 5, 

18,19,20,21,22,23.

Regarding the need for analgesia, the MCM group 
had the lowest requirement (20%), while the Kocher 
group had the highest (33.3%), although this 
difference was not statistically significant (p = 0.687). 
This observation aligns with the literature, which 
found that methods involving gradual muscle 
relaxation, such as the Chair Method and Stimson 
method, required fewer pharmacological 
interventions compared to force-dependent 
techniques like the Kocher and Hippocratic 
methods17, 24,25,26.

The implications of this study support the MCM as a 
preferred technique for anterior shoulder dislocation 
reduction, particularly in emergency department 
settings where time efficiency and patient comfort 
are crucial. The findings align with previous research 
suggesting that techniques minimizing force, utilizing 
passive positioning, and reducing patient distress 
contribute to better outcomes. While this study 
provides strong evidence in favour of the MCM, 
several limitations must be considered. First, the 
study was conducted at a single center, limiting 
generalizability to broader populations. Second, 
long-term recurrence rates beyond 24 hours were 
not assessed, and further research with extended 
follow-up periods is necessary to evaluate the 
stability of reduction. Additionally, while procedures 
were performed by experienced physicians, 
operator dependency was not analyzed, and future 
studies should assess whether the MCM maintains its 
advantages in settings with varied skill levels.

CONCLUSION
The findings suggest that the MCM is the most 
effective technique for reducing anterior shoulder 
dislocations, demonstrating the highest success rate 
and lowest post-procedure pain levels. Although the 
need for analgesia and complication rates were not 
significantly different among groups, the MCM 
showed a trend toward better patient outcomes. 
These results support the use of this method as a 
preferred approach for closed reduction in clinical 
settings.

LIST OF AVBBREVIATIONS
MCM – Modified Chair Method
VAS – Visual Analog Scale
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Table 3 shows the Mean with SD of the Morphological indices which are the diameter of the nucleus, 
diameter of the hepatocyte and the hepatocyte count per reticule. Group B and Group C in comparison to 
the control showed a significantly reduced hepatocyte per reticule count whereas it significantly grew in 
Group C when compared to Group B. Diameter of the hepatocyte enlarged significantly in Group B and C 
than that of Group A. However, the diameters of the hepatocytes of Group C, in contrast to Group B, showed 
significant reduction. The diameter of the nucleus of both Group B and Group C in comparison to Group A 
showed significant reduction but enlargement was noticed when Group C was compared to Group B.   

DISCUSSION
This study illustrated substantial evidence of honey's 
protective effects against the hematological and 
hepatotoxic alterations induced by MTX in rat 
model.  MTX is used as a treatment for neoplasms 
and long-term inflammatory conditions; often 
showed grave side effects including impaired 
hematopoiesis, toxic lung injury and hepatic 
impairment13,14. Prevalence of liver damage in 
patients can be as high as 50% with MTX treatment15.

The present study determined that treatment with 
MTX led to a reduction in overall body weight, while 
causing an increase in liver weight16. Previous studies 
have stated the same decreased body weights 
when compared with control group16,17. Secondary 
to MTX administration, decreased food intake, 
gastrointestinal toxicity and diarrhea explains the 
results best14. Another study saw a similarl increase in 
absolute and relative weights of the liver18.  In our 
study, the addition of honey to MTX led to a notable 
increase in the weights of rats' body and liver weight 
as compared to the ones given MTX alone. These 
findings were well supported by a study that 
documented honey’s protective role on body 
weight12. A study reinforced these results as pure 
honey has nutrient rich elements, like bioactive 
phenols and carbohydrates10.

The MTX treatment of rats, in this study, resulted in a 
significant elevation of the liver enzyme levels i.e. 
serum ALT, AST, ALP whereas the albumin levels in 
the serum between Group B and C remained 
negligible. Conclusions from another study were 
found to be aligned with these findings, with a 
reported increase in oxidative stress markers18. A 
disruption in the cell membrane is noticed with the 
elevated activity of these liver enzymes, resulting in 
hepatocellular injury19. Hoque et al. supported these 
findings who observed that long term use or high 
dosage of MTX led to hepatocellular toxicity with 
significant increase in serum liver enzyme levels20. In 
the current study, improvement was observed 
across all enzymatic parameters when honey was 
co-administered with MTX. A study, previously 
conducted, also found that honey holds effective 
hepatoprotective properties against liver injury and 
oxidative stress exemplified by a significant decline 
in liver enzyme levels, predominantly of AST and 
ALP21. Improvement in the liver enzymes were also 
observed by Omar12. A deduction can be made 

that vital reason for the healing properties of honey 
is being enriched with both enzymatic and 
non-enzymatic antioxidants, can be because of its 
antioxidant function8,10.

In this study, the biochemical changes in MTX 
treated rats were reinforced by obvious 
histopathological changes. As previously observed, 
this group displayed cellular and vascular 
deterioration with nuclear variations in the 
hepatocytes and inflammatory cell permeation18. It 
is suggested that MTX toxicity can be contributed by 
multiple processes, with inflammation prompted 
apoptosis caused by oxidative stress, being implied 
as a key causative factor22. The results of the 
morphometric analysis also showed injury to the liver 
tissue in the MTX-treated rats.

The decline in the hepatocyte counts per reticule, 
and hepatocyte and nuclear diameter changes 
can be explained by a climb in the number of toxic 
metabolites and the resultant damage to the cell 
membrane. Prior research has found comparable 
results particularly when MTX is administered 
chronically and in high doses in vivo14. Literature 
accredited that apoptosis transpired due to 
hepatotoxic inflammation and oxidative injury23. An 
increase in the oxidative degradation of lipids level 
and decrease in the level of key biomarkers; 
glutathione, glutathione-S-transferase and 
superoxide dismutase activities was confirmed 24. In 
Group C, the signs of hepatotoxicity were 
significantly diminished with the incorporation of 
honey. Laaroussi et al. outlined similar findings with 
honey solely and concurrently with olive oil25.

El Kutry demonstrated visibly improved MTX-induced 
intestinal toxicity with honey alone or in combination 
with other natural substances26. Evidently, honey 
exhibited enzymatic and microscopic 
hepatoprotective effects with carbon tetrachloride 
also12. Literature confirmed that in patients with 
breast cancer who were given Fluorouracil, 
Doxorubicin, and Cyclophosphamide treatment 
regimen showed correction in oxidative stress 
markers with the use of honey27.

CONCLUSION
The present study investigated the protective effects 
of honey against the toxicity induced by MTX. It 
provides evidence that when administered with 

honey the weights of the liver, functions of the liver 
enzymes and the morphological features of the liver 
at a microscopic level improved successfully. These 
consequences can be attributed to the 
antioxidative phenolic components of the honey as 
well as the other additional antioxidants present in it. 
Clinically, the incorporation of honey as an adjunct 
therapy may help alleviate chemotherapy induced 
side effects suffered by patients undergoing these 
anticancer treatments who often endure these 
complications with more duress more often than the 
symptoms caused by their primary disease itself. 
More research is still needed to explore and 
understand the mechanisms of honey 
supplementation at a molecular level and its 
beneficial effects in mitigating liver and other organ 
damage.
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INTRODUCTION
The findings of the study demonstrated that the 
MCM was a highly effective and patient-friendly 
approach for the reduction of anterior shoulder 
dislocations, achieving the highest success rate 
(93.3%) compared to the Hippocratic (83.3%), 
Kocher (76.7%), and Stimson (63.3%) techniques. The 
success rate of the MCM in this study is comparable 
to the results reported by a previous study that 
showed the Chair Method had a success rate of 
97.8%, which was superior to the Kocher (97.5%), 
Spaso (94.8%), and Matsen (92.5%) methods4. 
Similarly, another study observed a significantly 
higher success rate for the MCM (96.5%) compared 
to the Hippocratic method (84.5%, p < 0.001), further 
supporting the effectiveness of the chair-based 
technique in reducing anterior shoulder 
dislocations5, 14, 15.

The lower success rates observed in the Kocher and 
Stimson methods in the present study are consistent 
with prior literature that reported the Kocher 
technique often requires multiple attempts and 
increases the risk of procedural failure due to muscle 
resistance, which is a known drawback of 
force-dependent maneuvers 16. Similarly, the 
Stimson method, which relies on gravitational 
traction without active manipulation, has been 
reported to have lower efficacy, as seen in previous 
study, where the success rate was significantly lower 

than Milch methods16.

The pain scores in this study further support the 
superiority of the MCM, with the lowest mean VAS 
pain score (4.00 ± 2.47) compared to Hippocratic 
(5.10 ± 2.54), Kocher (4.93 ± 2.64), and Stimson (5.23 
± 2.52), though the difference was not statistically 
significant (p = 0.233). Similar findings have been 
reported by previous study, where patients 
undergoing the Chair Method reported significantly 
lower intra-reduction pain levels (VAS 4.0 vs. 6.9 in 
Kocher and 6.8 in Matsen methods)4. Additionally, 
another study found that the MCM resulted in a 
significantly lower pain index (3.20) than the 
Hippocratic method (36.70, p < 0.001)5. These 
findings suggest that techniques that rely on patient 
relaxation rather than forceful manipulation tend to 
be better tolerated and cause less distress.

Complication rates were low across all groups, with 
89.2% of patients experiencing no adverse effects. 
The Kocher method exhibited the highest rate of 
iatrogenic fractures (10%), while the Stimson method 
had the highest recurrence rate (10%). These 
findings are consistent with previous studies, which 
reported that forceful external rotation in the Kocher 
method can predispose patients to iatrogenic 
fractures, particularly in elderly populations or 
patients with osteoporotic bone structures4, 5, 

18,19,20,21,22,23.

Regarding the need for analgesia, the MCM group 
had the lowest requirement (20%), while the Kocher 
group had the highest (33.3%), although this 
difference was not statistically significant (p = 0.687). 
This observation aligns with the literature, which 
found that methods involving gradual muscle 
relaxation, such as the Chair Method and Stimson 
method, required fewer pharmacological 
interventions compared to force-dependent 
techniques like the Kocher and Hippocratic 
methods17, 24,25,26.

The implications of this study support the MCM as a 
preferred technique for anterior shoulder dislocation 
reduction, particularly in emergency department 
settings where time efficiency and patient comfort 
are crucial. The findings align with previous research 
suggesting that techniques minimizing force, utilizing 
passive positioning, and reducing patient distress 
contribute to better outcomes. While this study 
provides strong evidence in favour of the MCM, 
several limitations must be considered. First, the 
study was conducted at a single center, limiting 
generalizability to broader populations. Second, 
long-term recurrence rates beyond 24 hours were 
not assessed, and further research with extended 
follow-up periods is necessary to evaluate the 
stability of reduction. Additionally, while procedures 
were performed by experienced physicians, 
operator dependency was not analyzed, and future 
studies should assess whether the MCM maintains its 
advantages in settings with varied skill levels.

CONCLUSION
The findings suggest that the MCM is the most 
effective technique for reducing anterior shoulder 
dislocations, demonstrating the highest success rate 
and lowest post-procedure pain levels. Although the 
need for analgesia and complication rates were not 
significantly different among groups, the MCM 
showed a trend toward better patient outcomes. 
These results support the use of this method as a 
preferred approach for closed reduction in clinical 
settings.
 
LIST OF AVBBREVIATIONS
MCM – Modified Chair Method
VAS – Visual Analog Scale

ACKNOWLEDGMENTS
The author sincerely appreciates the support and 
cooperation of the Emergency Department staff at 
Dr. Ziauddin Hospital, Karachi, Pakistan, for their 
assistance in conducting this study. We also extend 
our gratitude to all the participants who contributed 
to this research.

CONFLICT OF INTEREST
None

FUNDING
None

ETHICAL APPROVAL
The study received ethical approval from the 
Institutional Review Board of Dr. Ziauddin Hospital, 
under reference number (10224).

AUTHORS’ CONTRIBUTIONS
A, NM, AMS, and MSM conceptualized the study, 
designed the methodology, and supervised the 
research process. A, AMS, MA, and AA conducted 
data collection, performed statistical analysis, and 
interpreted the results. AA and MSM drafted the 
manuscript, reviewed the literature, and ensured 
the integrity of the findings. All authors critically 
reviewed the manuscript and provided valuable 
input in refining the conclusions.

REFERENCES
1. Abrams R, Akbarnia H. Shoulder Dislocations 
Overview. [Updated 2023 Aug 8]. In: StatPearls 
[Internet]. Treasure Island (FL): StatPearls Publishing; 
2025 Jan-. Available from: 
https://www.ncbi.nlm.nih.gov/books/NBK459125/.
2. Baden DN, Roetman MH, Boeije T, Mullaart N, 
Boden R, Houwert RM, Heng M, Groenwold RH, van 
der Meijden OA. BRASD trial: biomechanical 
reposition techniques in anterior shoulder 
dislocation—a randomized multicenter clinical trial. 
International Journal of Emergency Medicine. 2023 
Feb 24;16(1):14. DOI: 10.1186/s12245-023-00480-6.
3. DeYulis M, Hinson JW. Joint Immobilization. 
[Updated 2023 Aug 14]. In: StatPearls [Internet]. 
Treasure Island (FL): StatPearls Publishing; 2025 Jan-. 
Available from: 
https://www.ncbi.nlm.nih.gov/books/NBK557703/.
4. Guler O, Ekinci S, Akyildiz F, Tirmik U, Cakmak S, 
Ugras A, Piskin A, Mahirogullari M. Comparison of 
four different reduction methods for anterior 
dislocation of the shoulder. Journal of Orthopaedic 
Surgery and Research. 2015 Dec;10:1-7. DOI: 
10.1186/s13018-015-0226-4.
5. Ge Y, Yang M, Gao F, Peng W, Wu X. Modified 
chair method: an easy and efficient reduction 
method without medication for anterior shoulder 
dislocation. BMC Emergency Medicine. 2022 Dec 
5;22(1):192. DOI: 10.1186/s12873-022-00757-8.
6. Park MS, Lee JH, Kwon H, Kim YJ, Jung JY. The 
effectiveness of a newly developed reduction 
method of anterior shoulder dislocations; Sool's 
method. The American Journal of Emergency 
Medicine. 2016 Aug 1;34(8):1406-10. DOI: 
https://doi.org/10.1016/j.ajem.2016.04.012.
7. F Fennelly JT, Gourbault L, Neal-Smith G, Pradhan 
A, Gade V, Baxter JA. A systematic review of 
pre-hospital shoulder reduction techniques for 
anterior shoulder dislocation and the effect on 
patient return to function. Chinese Journal of 
Traumatology. 2020 Oct 1;23(5):295-301. DOI: 

https://doi.org/10.1016/j.cjtee.2020.08.003.
8. Laik JK, Kaushal R, Rajak M, David V, Kumar R, 
Sarkar S, Kumar Sr R. A Novel Technique to Reduce 
Anterior Shoulder Dislocation Without Anesthesia-A 
Prospective Analysis. Cureus. 2023 Jan 8;15(1). DOI: 
10.7759/cureus.33497.
9. Gonai S, Yoneoka D, Miyoshi T, da Silva Lopes K. A 
systematic review with pairwise and network 
meta-analysis of closed reduction methods for 
anterior shoulder dislocation. Annals of Emergency 
Medicine. 2023 Apr 1;81(4):453-65.DOI: 
https://doi.org/10.1016/j.annemergmed.2022.10.02
0.
10. Hoveidaei AH, Dankoub M, Mousavi Nasab MM, 
Nakhostin-Ansari A, Pouramini A, Eghdami S, 
Mashaknejadian Behbahani F, Zangiabadian M, 
Forogh B. Efficacy of supervised self-reduction vs. 
physician-assisted techniques for anterior shoulder 
dislocations: a systematic review and meta-analysis. 
BMC Musculoskeletal Disorders. 2024 May 
11;25(1):372.2024;25(1):372.
11. Chechik O, Maman E, Kazum E, Grunstein A, 
Ben‐Shabat D, Lin R, Efrima B, Factor S, Rotman D, 
Krespi RJKS, Sports Traumatology, Arthroscopy. 
Self‐reduction techniques taught via smartphone 
are effective for anterior shoulder dislocation: 
prospective randomized study. 2021;29(7):2338-41.
12. Hodgson CL, Schaller SJ, Nydahl P, Timenetsky KT, 
Needham DM. Ten strategies to optimize early 
mobilization and rehabilitation in intensive care. Crit 
Care. 2021;25(1):324 DOI: 
10.1186/s13054-021-03741-z.
13. Ong ZX, Lee SW, Goh SH, Tay JW, Tan UX, editors. 
Design and Preliminary Evaluation of a Novel 
Robotic System for Anterior Shoulder Reduction. 
2024 46th Annual International Conference of the 
IEEE Engineering in Medicine and Biology Society 
(EMBC); 2024 15-19 July 2024.
14. Rahman-Enyart M. The Efficacy of 
Perturbation-Based Balance Training on Preventing 
Falls in Older Adults: A Systematic Review and 
Synthesis without Meta-Analysis (SWiM): Indiana 
University; 2022.
15. Neti A. Good Vibes Only: An In-Depth Analysis on 
the Implementation of In-Wheel Suspension in 
Manual Wheelchair Users: University of Pittsburgh; 
2024.
16. Sayegh FE, Kenanidis EI, Papavasiliou KA, 
Potoupnis ME, Kirkos JM, Kapetanos GA. Reduction 
of Acute Anterior Dislocations: A Prospective 
Randomized Study Comparing a New Technique 
with the Hippocratic and Kocher Methods. JBJS. 
2009;91(12).
17. Riebel GD, McCabe JB. Anterior shoulder 
dislocation: a review of reduction techniques. Am J 

Emerg Med. 1991;9(2):180-8 DOI: 
10.1016/0735-6757(91)90187-o.
18. Rezende Bda R, de Almeida JI, Sr., de Sousa UJ, 
Bomfim Lde S, Ferreira MS, Jr. Glenoumeral 
dislocation: a prospective randomized study 
comparing spazo and kocher maneuvers. Acta 
ortopedica brasileira. 2015;23(4):192-6 DOI: 
10.1590/1413-78522015230400701.
19. Beattie TF, Steedman DJ, McGowan A, 
Robertson CE. A comparison of the Milch and 
Kocher techniques for acute anterior dislocation of 
the shoulder. Injury. 1986;17(5):349-52 DOI: 
10.1016/0020-1383(86)90161-0.
20. Sahin N, Oztürk A, Ozkan Y, Atıcı T, Ozkaya G. A 
comparison of the scapular manipulation and 
Kocher's technique for acute anterior dislocation of 
the shoulder. Eklem Hastalik Cerrahisi. 
2011;22(1):28-32.
21. Baden DN, Visser MFL, Roetman MH, Smeeing 
DPJ, Houwert RM, Groenwold RHH, van der Meijden 
OAJ. Effects of reduction technique for acute 
anterior shoulder dislocation without sedation or 
intra-articular pain management: a systematic 
review and meta-analysis. Eur J Trauma Emerg Surg. 
2023;49(3):1383-92 DOI: 10.1007/s00068-023-02242-8.
22. Belk JW, Wharton BR, Houck DA, Bravman JT, 
Kraeutler MJ, Mayer B, Noonan TJ, Seidl AJ, Frank 
RM, McCarty ECJTAJoSM. Shoulder stabilization 
versus immobilization for first-time anterior shoulder 
dislocation: a systematic review and meta-analysis 
of level 1 randomized controlled trials. 
2023;51(6):1634-43.
23. Dong H, Jenner EA, Theivendran KJEJoT, Surgery 
E. Closed reduction techniques for acute anterior 
shoulder dislocation: a systematic review and 
meta-analysis. 2021;47:407-21.
24. Alkaduhimi H, van der Linde JA, Flipsen M, van 
Deurzen DFP, van den Bekerom MPJ. A systematic 
and technical guide on how to reduce a shoulder 
dislocation. Turkish Journal of Emergency Medicine. 
2016;16(4):155-68 DOI: 
https://doi.org/10.1016/j.tjem.2016.09.008.
25. de Sire A, Moggio L, Demeco A, Fortunato F, 
Spanò R, Aiello V, Marotta N, Ammendolia AJAoP, 
Medicine R. Efficacy of rehabilitative techniques in 
reducing hemiplegic shoulder pain in stroke: 
Systematic review and meta-analysis. 
2022;65(5):101602.
26. Toussaint L, Nguyen QA, Roettger C, Dixon K, 
Offenbächer M, Kohls N, Hirsch J, Sirois F. 
Effectiveness of Progressive Muscle Relaxation, 
Deep Breathing, and Guided Imagery in Promoting 
Psychological and Physiological States of 
Relaxation. Evid Based Complement Alternat Med. 
2021;2021:5924040 DOI: 10.1155/2021/5924040.

DISCUSSION
This study illustrated substantial evidence of honey's 
protective effects against the hematological and 
hepatotoxic alterations induced by MTX in rat 
model.  MTX is used as a treatment for neoplasms 
and long-term inflammatory conditions; often 
showed grave side effects including impaired 
hematopoiesis, toxic lung injury and hepatic 
impairment13,14. Prevalence of liver damage in 
patients can be as high as 50% with MTX treatment15.
 
The present study determined that treatment with 
MTX led to a reduction in overall body weight, while 
causing an increase in liver weight16. Previous studies 
have stated the same decreased body weights 
when compared with control group16,17. Secondary 
to MTX administration, decreased food intake, 
gastrointestinal toxicity and diarrhea explains the 
results best14. Another study saw a similarl increase in 
absolute and relative weights of the liver18.  In our 
study, the addition of honey to MTX led to a notable 
increase in the weights of rats' body and liver weight 
as compared to the ones given MTX alone. These 
findings were well supported by a study that 
documented honey’s protective role on body 
weight12. A study reinforced these results as pure 
honey has nutrient rich elements, like bioactive 
phenols and carbohydrates10.
 
The MTX treatment of rats, in this study, resulted in a 
significant elevation of the liver enzyme levels i.e. 
serum ALT, AST, ALP whereas the albumin levels in 
the serum between Group B and C remained 
negligible. Conclusions from another study were 
found to be aligned with these findings, with a 
reported increase in oxidative stress markers18. A 
disruption in the cell membrane is noticed with the 
elevated activity of these liver enzymes, resulting in 
hepatocellular injury19. Hoque et al. supported these 
findings who observed that long term use or high 
dosage of MTX led to hepatocellular toxicity with 
significant increase in serum liver enzyme levels20. In 
the current study, improvement was observed 
across all enzymatic parameters when honey was 
co-administered with MTX. A study, previously 
conducted, also found that honey holds effective 
hepatoprotective properties against liver injury and 
oxidative stress exemplified by a significant decline 
in liver enzyme levels, predominantly of AST and 
ALP21. Improvement in the liver enzymes were also 
observed by Omar12. A deduction can be made 

that vital reason for the healing properties of honey 
is being enriched with both enzymatic and 
non-enzymatic antioxidants, can be because of its 
antioxidant function8,10.
 
In this study, the biochemical changes in MTX 
treated rats were reinforced by obvious 
histopathological changes. As previously observed, 
this group displayed cellular and vascular 
deterioration with nuclear variations in the 
hepatocytes and inflammatory cell permeation18. It 
is suggested that MTX toxicity can be contributed by 
multiple processes, with inflammation prompted 
apoptosis caused by oxidative stress, being implied 
as a key causative factor22. The results of the 
morphometric analysis also showed injury to the liver 
tissue in the MTX-treated rats.
 
The decline in the hepatocyte counts per reticule, 
and hepatocyte and nuclear diameter changes 
can be explained by a climb in the number of toxic 
metabolites and the resultant damage to the cell 
membrane. Prior research has found comparable 
results particularly when MTX is administered 
chronically and in high doses in vivo14. Literature 
accredited that apoptosis transpired due to 
hepatotoxic inflammation and oxidative injury23. An 
increase in the oxidative degradation of lipids level 
and decrease in the level of key biomarkers; 
glutathione, glutathione-S-transferase and 
superoxide dismutase activities was confirmed 24. In 
Group C, the signs of hepatotoxicity were 
significantly diminished with the incorporation of 
honey. Laaroussi et al. outlined similar findings with 
honey solely and concurrently with olive oil25.

El Kutry demonstrated visibly improved MTX-induced 
intestinal toxicity with honey alone or in combination 
with other natural substances26. Evidently, honey 
exhibited enzymatic and microscopic 
hepatoprotective effects with carbon tetrachloride 
also12. Literature confirmed that in patients with 
breast cancer who were given Fluorouracil, 
Doxorubicin, and Cyclophosphamide treatment 
regimen showed correction in oxidative stress 
markers with the use of honey27.

CONCLUSION
The present study investigated the protective effects 
of honey against the toxicity induced by MTX. It 
provides evidence that when administered with 

honey the weights of the liver, functions of the liver 
enzymes and the morphological features of the liver 
at a microscopic level improved successfully. These 
consequences can be attributed to the 
antioxidative phenolic components of the honey as 
well as the other additional antioxidants present in it. 
Clinically, the incorporation of honey as an adjunct 
therapy may help alleviate chemotherapy induced 
side effects suffered by patients undergoing these 
anticancer treatments who often endure these 
complications with more duress more often than the 
symptoms caused by their primary disease itself. 
More research is still needed to explore and 
understand the mechanisms of honey 
supplementation at a molecular level and its 
beneficial effects in mitigating liver and other organ 
damage.
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INTRODUCTION
The findings of the study demonstrated that the 
MCM was a highly effective and patient-friendly 
approach for the reduction of anterior shoulder 
dislocations, achieving the highest success rate 
(93.3%) compared to the Hippocratic (83.3%), 
Kocher (76.7%), and Stimson (63.3%) techniques. The 
success rate of the MCM in this study is comparable 
to the results reported by a previous study that 
showed the Chair Method had a success rate of 
97.8%, which was superior to the Kocher (97.5%), 
Spaso (94.8%), and Matsen (92.5%) methods4. 
Similarly, another study observed a significantly 
higher success rate for the MCM (96.5%) compared 
to the Hippocratic method (84.5%, p < 0.001), further 
supporting the effectiveness of the chair-based 
technique in reducing anterior shoulder 
dislocations5, 14, 15.

The lower success rates observed in the Kocher and 
Stimson methods in the present study are consistent 
with prior literature that reported the Kocher 
technique often requires multiple attempts and 
increases the risk of procedural failure due to muscle 
resistance, which is a known drawback of 
force-dependent maneuvers 16. Similarly, the 
Stimson method, which relies on gravitational 
traction without active manipulation, has been 
reported to have lower efficacy, as seen in previous 
study, where the success rate was significantly lower 

than Milch methods16.

The pain scores in this study further support the 
superiority of the MCM, with the lowest mean VAS 
pain score (4.00 ± 2.47) compared to Hippocratic 
(5.10 ± 2.54), Kocher (4.93 ± 2.64), and Stimson (5.23 
± 2.52), though the difference was not statistically 
significant (p = 0.233). Similar findings have been 
reported by previous study, where patients 
undergoing the Chair Method reported significantly 
lower intra-reduction pain levels (VAS 4.0 vs. 6.9 in 
Kocher and 6.8 in Matsen methods)4. Additionally, 
another study found that the MCM resulted in a 
significantly lower pain index (3.20) than the 
Hippocratic method (36.70, p < 0.001)5. These 
findings suggest that techniques that rely on patient 
relaxation rather than forceful manipulation tend to 
be better tolerated and cause less distress.

Complication rates were low across all groups, with 
89.2% of patients experiencing no adverse effects. 
The Kocher method exhibited the highest rate of 
iatrogenic fractures (10%), while the Stimson method 
had the highest recurrence rate (10%). These 
findings are consistent with previous studies, which 
reported that forceful external rotation in the Kocher 
method can predispose patients to iatrogenic 
fractures, particularly in elderly populations or 
patients with osteoporotic bone structures4, 5, 

18,19,20,21,22,23.

Regarding the need for analgesia, the MCM group 
had the lowest requirement (20%), while the Kocher 
group had the highest (33.3%), although this 
difference was not statistically significant (p = 0.687). 
This observation aligns with the literature, which 
found that methods involving gradual muscle 
relaxation, such as the Chair Method and Stimson 
method, required fewer pharmacological 
interventions compared to force-dependent 
techniques like the Kocher and Hippocratic 
methods17, 24,25,26.

The implications of this study support the MCM as a 
preferred technique for anterior shoulder dislocation 
reduction, particularly in emergency department 
settings where time efficiency and patient comfort 
are crucial. The findings align with previous research 
suggesting that techniques minimizing force, utilizing 
passive positioning, and reducing patient distress 
contribute to better outcomes. While this study 
provides strong evidence in favour of the MCM, 
several limitations must be considered. First, the 
study was conducted at a single center, limiting 
generalizability to broader populations. Second, 
long-term recurrence rates beyond 24 hours were 
not assessed, and further research with extended 
follow-up periods is necessary to evaluate the 
stability of reduction. Additionally, while procedures 
were performed by experienced physicians, 
operator dependency was not analyzed, and future 
studies should assess whether the MCM maintains its 
advantages in settings with varied skill levels.

CONCLUSION
The findings suggest that the MCM is the most 
effective technique for reducing anterior shoulder 
dislocations, demonstrating the highest success rate 
and lowest post-procedure pain levels. Although the 
need for analgesia and complication rates were not 
significantly different among groups, the MCM 
showed a trend toward better patient outcomes. 
These results support the use of this method as a 
preferred approach for closed reduction in clinical 
settings.
 
LIST OF AVBBREVIATIONS
MCM – Modified Chair Method
VAS – Visual Analog Scale
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DISCUSSION
This study illustrated substantial evidence of honey's 
protective effects against the hematological and 
hepatotoxic alterations induced by MTX in rat 
model.  MTX is used as a treatment for neoplasms 
and long-term inflammatory conditions; often 
showed grave side effects including impaired 
hematopoiesis, toxic lung injury and hepatic 
impairment13,14. Prevalence of liver damage in 
patients can be as high as 50% with MTX treatment15.
 
The present study determined that treatment with 
MTX led to a reduction in overall body weight, while 
causing an increase in liver weight16. Previous studies 
have stated the same decreased body weights 
when compared with control group16,17. Secondary 
to MTX administration, decreased food intake, 
gastrointestinal toxicity and diarrhea explains the 
results best14. Another study saw a similarl increase in 
absolute and relative weights of the liver18.  In our 
study, the addition of honey to MTX led to a notable 
increase in the weights of rats' body and liver weight 
as compared to the ones given MTX alone. These 
findings were well supported by a study that 
documented honey’s protective role on body 
weight12. A study reinforced these results as pure 
honey has nutrient rich elements, like bioactive 
phenols and carbohydrates10.
 
The MTX treatment of rats, in this study, resulted in a 
significant elevation of the liver enzyme levels i.e. 
serum ALT, AST, ALP whereas the albumin levels in 
the serum between Group B and C remained 
negligible. Conclusions from another study were 
found to be aligned with these findings, with a 
reported increase in oxidative stress markers18. A 
disruption in the cell membrane is noticed with the 
elevated activity of these liver enzymes, resulting in 
hepatocellular injury19. Hoque et al. supported these 
findings who observed that long term use or high 
dosage of MTX led to hepatocellular toxicity with 
significant increase in serum liver enzyme levels20. In 
the current study, improvement was observed 
across all enzymatic parameters when honey was 
co-administered with MTX. A study, previously 
conducted, also found that honey holds effective 
hepatoprotective properties against liver injury and 
oxidative stress exemplified by a significant decline 
in liver enzyme levels, predominantly of AST and 
ALP21. Improvement in the liver enzymes were also 
observed by Omar12. A deduction can be made 

that vital reason for the healing properties of honey 
is being enriched with both enzymatic and 
non-enzymatic antioxidants, can be because of its 
antioxidant function8,10.
 
In this study, the biochemical changes in MTX 
treated rats were reinforced by obvious 
histopathological changes. As previously observed, 
this group displayed cellular and vascular 
deterioration with nuclear variations in the 
hepatocytes and inflammatory cell permeation18. It 
is suggested that MTX toxicity can be contributed by 
multiple processes, with inflammation prompted 
apoptosis caused by oxidative stress, being implied 
as a key causative factor22. The results of the 
morphometric analysis also showed injury to the liver 
tissue in the MTX-treated rats.
 
The decline in the hepatocyte counts per reticule, 
and hepatocyte and nuclear diameter changes 
can be explained by a climb in the number of toxic 
metabolites and the resultant damage to the cell 
membrane. Prior research has found comparable 
results particularly when MTX is administered 
chronically and in high doses in vivo14. Literature 
accredited that apoptosis transpired due to 
hepatotoxic inflammation and oxidative injury23. An 
increase in the oxidative degradation of lipids level 
and decrease in the level of key biomarkers; 
glutathione, glutathione-S-transferase and 
superoxide dismutase activities was confirmed 24. In 
Group C, the signs of hepatotoxicity were 
significantly diminished with the incorporation of 
honey. Laaroussi et al. outlined similar findings with 
honey solely and concurrently with olive oil25.

El Kutry demonstrated visibly improved MTX-induced 
intestinal toxicity with honey alone or in combination 
with other natural substances26. Evidently, honey 
exhibited enzymatic and microscopic 
hepatoprotective effects with carbon tetrachloride 
also12. Literature confirmed that in patients with 
breast cancer who were given Fluorouracil, 
Doxorubicin, and Cyclophosphamide treatment 
regimen showed correction in oxidative stress 
markers with the use of honey27.

CONCLUSION
The present study investigated the protective effects 
of honey against the toxicity induced by MTX. It 
provides evidence that when administered with 

honey the weights of the liver, functions of the liver 
enzymes and the morphological features of the liver 
at a microscopic level improved successfully. These 
consequences can be attributed to the 
antioxidative phenolic components of the honey as 
well as the other additional antioxidants present in it. 
Clinically, the incorporation of honey as an adjunct 
therapy may help alleviate chemotherapy induced 
side effects suffered by patients undergoing these 
anticancer treatments who often endure these 
complications with more duress more often than the 
symptoms caused by their primary disease itself. 
More research is still needed to explore and 
understand the mechanisms of honey 
supplementation at a molecular level and its 
beneficial effects in mitigating liver and other organ 
damage.
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