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DISCUSSION
Research revealed that when it comes to predicting 
prenatal hypoxia, LDH is more reliable than CK-MB. 
However, noteworthy outcomes have been 
observed in the absence of local proof. Therefore, 
these markers' implied use in the local setup is not 
operationalc11,12,13. Therefore, the goal of this work 
was to design a protocol for early prenatal hypoxia 
prediction using CS-MB and LDH. Furthermore, there 
is disagreement regarding whether the approach is 
more trustworthy. The purpose of the research was 
to gather local data so that future local setups may 
use a more trustworthy approach. The age 
distribution in our study indicates that 36.67% (n=87) 
had more than 6 hours, and 63.33% (n=153) had up 

to 6 hours. The mean±SD was 38.75 % (n=93) of the 
hours, estimated as 5.60+1.79, were spent by men, 
and 61.25% (n=147) by women. Serum creatine 
kinase muscle brain fraction was found to have an 
accuracy rate of 92.92%, a sensitivity of 93.12%, a 
specificity of 66.76 %, PPV of 97.42%, and NPV of 
22.15% the diagnosis of perinatal hypoxia in term 
neonates (with the use of clinical findings as the 
gold standard). Using clinical evidence as the gold 
standard, the accuracy rate of LDH for perinatal 
hypoxia in term newborns was shown to be 78.89%, 
with a specificity of 98.40%, specificity of 92.31%, PPV 
of 79.40%, and NPV of 57.14%.

According to earlier research, the sensitivity and 

specificity of LDH were 92% and 59.18% for the 
prediction of neonatal hypoxia, compared to 28% 
and 100 % for CK-MB. In a newborn who needed 
resuscitation and had an Apgar score of less than 7, 
this demonstrated good specificity but extremely 
low sensitivity 14. According to another research, the 
LDH has a sensitivity of 96.3% and a specificity of 
88.9%, whereas the CK-MB has a sensitivity of 30% 
and a specificity of 100 % 18. This study's findings are 
similar to ours. Another study examined the 
relationship between the degree of perinatal 
hypoxia and laboratory indicators of heart damage, 
as well as the investigative usefulness of a series of 
assessments in the retrospective analysis of birth 
hypoxia 19. Moreover, the cut-off Creatine Kinase- 
MB value of more than 92.6 U/L showed 82% of both 
specificity and sensitivity after 8 hours18. CK-MB 
scores 80.34 percent for positive predictive values 
and 81.63 percent for negative predictive values. A 
24-hour period of more than 60 U/L of CKMB has a 
95.83 percent specificity cut-off value and a 58.33 
percent sensitivity 69.70 % NPV and a 93.33 % PPV. A 
threshold LDH value of greater than 580 U/L had 100 
percent sensitivity and 87 percent specificity at 72 
hours20. LDH has an 89.29% chance of being 
beneficial and a 100 % chance of being 
detrimental. Based on the neonate's clinical 
features and history, LDH and CKMB level analysis at 
8 and 24 hours of life may distinguish between a 
non-hypoxia and a hypoxia newborn. LDH performs 
diagnostically better than CK-MB and the studies 
similarly compatible with the results of our 
investigation14,15,16,17.

The findings of this study align with existing literature, 
underscoring the critical role of CK-MB and LDH as 
diagnostic markers for perinatal hypoxia. The higher 
sensitivity of LDH (98.40%) compared to CK-MB 
(93.12%) corroborates studies suggesting its superior 
reliability in identifying hypoxic states in neonates. 
However, CK-MB demonstrated a higher positive 
predictive value (97.42%), reflecting its accuracy in 
confirming cases of hypoxia. These differences may 
highlight variations in the metabolic and enzymatic 
response of neonates to hypoxic stress23. Studies 
emphasize the utility of biochemical markers like 
LDH and CK-MB in the early diagnosis of 
hypoxic-ischemic encephalopathy, especially in 
settings with limited access to advanced diagnostic 
tools24. The importance of inflammatory markers in 
understanding the outcomes of perinatal hypoxia, 
which may complement CK-MB and LDH 
measurements25.

CONCLUSION
Findings showed that the diagnosis of perinatal 
hypoxia was mainly done through clinical findings. 
While CK-MB and LDH both detected hypoxia, LDH 
proved more reliable because of its greater 
sensitivity and specificity. The analysis also 

recognized the impact of gestational age, birth 
weight, and neonatal age as relevant diagnostic 
factors. These results reveal that LDH is a more 
reliable biomarker for perinatal hypoxia than CK-MB.
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ABSTRACT

Background: Disease-modifying anti-rheumatic drugs (DMARDs) used for rheumatoid arthritis (RA) 
have a steady onset and multiple adverse effects. The objective was to evaluate the effects of the 
ethanolic extract of Solanum nigrum (SN) on methotrexate-associated hepatotoxicity and 
pancytopenia in Complete Freund’s adjuvant (CFA)-induced arthritic rats. 

Methods: 30 male Wistar albino rats were used in a 4-week pre-clinical experimental study 
conducted at Ziauddin University Karachi from November 2021 to December 2021. Animals were 
divided into 5 groups; Group-I Negative control (0.9% normal saline), Group-II positive control (0.9% 
normal saline), Group-III Standard (Methotrexate 1.5mg/kg), Group-IV (SN 100mg/kg), Group-V (SN 
200mg/kg). To develop arthritis, 0.1mL of CFA was administered intraarticularly in the right knee joints 
of all groups except Group-I at day 0. For euthanasia, 100mg/kg pentobarbital was injected 
intraperitoneally in all animals on the 29th day. 10ml of blood was collected in vacutainer tubes for 
CBC and LFT. SPSS was used to analyze the results and ANOVA was applied for intergroup and 
intragroup comparisons. A P-value less than 0.05 was considered significant at a 95% confidence 
interval.

Results: Diseased controls increased WBCs, but Groups III, IV, and V considerably decreased WBCs. 
Group III also caused suppression in RBCs and hemoglobin levels. SN showed a significant decrease 
in WBCs, but it did not suppress RBCs, hemoglobin, and platelet levels. MTX significantly increased 
total bilirubin, direct bilirubin, SGPT, and alkaline phosphatase. Contrary to this, SN did not 
significantly increase liver enzymes when compared with the negative controls. 

Conclusion: Unlike methotrexate, the ethanolic extract of SN improved the hematological and liver 
profile.
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INTRODUCTION
Rheumatoid arthritis (RA) is a progressive disease 
with chronic illness, with a prevalence of 0.5% to 1%1. 
For the management of pain and joint inflamma-
tion, RA patients usually use DMARDs along with 
immunosuppressive steroids and non-steroidal 
anti-inflammatory drugs (NSAIDs)2. Steroids and 
NSAIDs do not interfere with the progression of 
disease and are used only for symptomatic pain 
relief. While conventional (methotrexate, sulfadia-
zine, and hydrochloroquine) and biological (TNF-al-
pha inhibitors, IL-6 inhibitors) DMARDs slow down the 
disease progression and prevent further joint dam-
age3. American rheumatologists recognized Metho-
trexate (MTX) in the 1990s as the initial drug of 
choice and recommended medication for RA treat-
ment4. It serves as a chemotherapeutic agent at 
higher concentrations by inhibiting the enzyme 
dihydrofolate reductase (DHFR), which halts the 
synthesis of folic acid. At lower doses, it suppresses 
the activation of T-cells and downregulates B-cells 
by inhibiting adenosine metabolism by blocking the 
AICAR transformylase enzyme5. MTX is associated 
with multiple potential adverse effects including 
bone marrow suppression, hepatotoxicity, renal 
toxicity, and pulmonary fibrosis6. Before starting MTX 
medication, a clinical evaluation of the patient is 
recommended, which includes a liver function test 
(LFT), complete blood count (CBC), renal function 
test, and often a chest X-ray7.

Natural plants, which offer a wide range of bioac-
tive chemicals with medicinal qualities, have been 
essential in the development of medications. 
Research on herbal extracts as synthetic drug substi-
tutes is growing in order to address drug resistance 
and adverse drug reactions that are frequently 
linked with conventional drugs. These extracts, 
which are abundant in bioactive components, 
have demonstrated encouraging treatment 
outcomes for a range of medical disorders. Solanum 
nigrum, also referred to as black nightshade or 
makoh, is a plant that belongs to the Solanaceae 
family and has been used traditionally for a number 
of illnesses, such as inflammation, edema, and joint 
discomfort8. The major biologically active compo-
nents of Solanum nigrum, especially the saponins 
and steroidal alkaloids, play a crucial role in its thera-
peutic applications. The distilled extract of Solanum 
nigrum, arq-e-makoh, has reported antibacterial, 
antioxidant, gastroprotective, hypocholesterolemic, 
hypoglycemic, diuretic, and hepatoprotective 
properties. The distilled extract of Solanum nigrum, 
arq-e-makoh, has reported antibacterial, antioxi-
dant, gastroprotective, hypocholesterolemic, hypo-
glycemic, diuretic, and hepatoprotective proper-
ties9.

Patients with RA who are treated with DMARDs often 
face delayed onset of action, gradual loss of effica-

cy, and a range of adverse effects due to the 
nature of these medications. Previous literature and 
our recent study have reported significant antie-
dematous and anti-inflammatory effects of Solanum 
nigrum that were comparable to MTX10. So, there is a 
critical need for specific herbal alternatives that 
may be used in combination with conventional 
drugs like MTX for the attenuation of their adverse 
effects including hepatotoxicity and pancytopenia. 
Thus, the purpose of this study was to investigate the 
effects of the natural herb Solanum nigrum on meth-
otrexate-associated hepatotoxicity and pancyto-
penia.

METHODS
It was a pre-clinical experimental study conducted 
at Ziauddin University, Karachi. The study was 
conducted from November 2021 to May 2022. 
Solanum nigrum was purchased from the local 
nursery and authentication was done from the Kara-
chi University herbarium (Voucher # 97676). Plant 
extraction was done at Karachi University, Depart-
ment of Pharmacognosy. The leaves were washed, 
allowed to air dry at room temperature and then 
coarsely ground into particles. For ten days, this 
powder was immersed in pure ethyl alcohol where it 
was stirred two to four times a day. The solution was 
filtered through Whatman filter paper 1. The 
obtained extract was then further concentrated by 
rotary evaporation and then kept in an airtight flask 
in a refrigerator11. CFA (F5881-10ML) was purchased 
from Sigma Aldrich, Germany. Phenobarbital, 
dimethyl sulfoxide (DMSO), and alcohol were 
ordered from Laboratory Scientific Supplies Pvt. 
Limited, Karachi. Methotrexate vials were 
purchased from a local pharmacy.

In this study, 30 male Wistar albino rats were used 
with an approximate weight of 200±20g. All the 
animals used in this study were retained under 
standard conditions in their conventional cages in a 
12/12-hour light-dark cycle with ad libitum access to 
food and water at room temperature12. The investi-
gational procedures done in this study were 
approved by the Animals Ethics Committee (AEC) of 
Ziauddin University (Protocol number: 2021-004/MM) 
and were performed according to the "Canadian 
Council on Animal Care- Revised on April 2020"13. 
The rats were randomly divided into 5 groups (n = 6). 
Group-I: Negative (non-diseased) control (0.9% 
normal saline); Group-II: Positive (diseased) control 
(0.9% normal saline); Group-III: Methotrexate (MTX) 
1.5mg/kg; Group-IV: Solanum nigrum 100mg/kg; 
Group-V: Solanum nigrum 200mg/kg.

Arthritis was induced in all groups, except group I 
(negative controls), by an intra-articular injection of 
0.1ml CFA into the right knee joint space at day 0. 
The concentration of CFA was 1mg/ml14. This was 
then followed by intraperitoneal injections of 

standard drug (MTX 1.5mg/kg) and research herb 
(SN) extract, of 100mg/kg and 200mg/kg concen-
trations, on days 0,7,14 and 21 according to the 
groups mentioned below. Group I and Group II were 
treated with 0.9% normal saline on days 0, 7, 14, and 
21. Group III was treated with an intraperitoneal 
injection of 1.5mg/kg methotrexate as a standard 
dose on days 0, 7, 14, and 21. Group IV and Group V 
were treated with intraperitoneal injections of etha-
nolic extract of SN at 100mg/kg and 200mg/kg, 
respectively at the same intervals once weekly for 
four weeks. These dosages were selected based on 
several previous investigations that evaluated the 
anti-arthritic effect in rats15,16,17.

After overnight food deprivation, on the 29th day of 
the study, rats were deeply anesthetized and sacri-
ficed by 100mg/kg pentobarbital intraperitoneal 
injection as per American Veterinary Medical Asso-

ciation AVMA and Institutional Animal Ethics Com-
mittee (IAEC) guidelines18. 8ml to 10ml of blood 
samples were collected by cardiac puncture from 
each rat and then transferred into vacutainer tubes. 
5ml of blood was separated in a purple top tube for 
complete blood count (CBC) while the remaining 
5ml was centrifuged at 3000 rpm for 10 minutes in a 
yellow top vacutainer tube. After centrifugation, 
sera were separated for liver function tests (LFTs).

The results were analyzed by SPSS software version 
22. For numeric variables mean and standard devia-
tion were calculated. According to Shapiro Wilk's 
analysis, the data was found to be parametric. 
Hence, ANOVA followed by post hoc Tukey’s test 
was applied for inter and intra-group comparison. 
P-value <0.05 was considered significant at a 95% 
confidence interval.
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DISCUSSION
Research revealed that when it comes to predicting 
prenatal hypoxia, LDH is more reliable than CK-MB. 
However, noteworthy outcomes have been 
observed in the absence of local proof. Therefore, 
these markers' implied use in the local setup is not 
operationalc11,12,13. Therefore, the goal of this work 
was to design a protocol for early prenatal hypoxia 
prediction using CS-MB and LDH. Furthermore, there 
is disagreement regarding whether the approach is 
more trustworthy. The purpose of the research was 
to gather local data so that future local setups may 
use a more trustworthy approach. The age 
distribution in our study indicates that 36.67% (n=87) 
had more than 6 hours, and 63.33% (n=153) had up 

to 6 hours. The mean±SD was 38.75 % (n=93) of the 
hours, estimated as 5.60+1.79, were spent by men, 
and 61.25% (n=147) by women. Serum creatine 
kinase muscle brain fraction was found to have an 
accuracy rate of 92.92%, a sensitivity of 93.12%, a 
specificity of 66.76 %, PPV of 97.42%, and NPV of 
22.15% the diagnosis of perinatal hypoxia in term 
neonates (with the use of clinical findings as the 
gold standard). Using clinical evidence as the gold 
standard, the accuracy rate of LDH for perinatal 
hypoxia in term newborns was shown to be 78.89%, 
with a specificity of 98.40%, specificity of 92.31%, PPV 
of 79.40%, and NPV of 57.14%.

According to earlier research, the sensitivity and 

specificity of LDH were 92% and 59.18% for the 
prediction of neonatal hypoxia, compared to 28% 
and 100 % for CK-MB. In a newborn who needed 
resuscitation and had an Apgar score of less than 7, 
this demonstrated good specificity but extremely 
low sensitivity 14. According to another research, the 
LDH has a sensitivity of 96.3% and a specificity of 
88.9%, whereas the CK-MB has a sensitivity of 30% 
and a specificity of 100 % 18. This study's findings are 
similar to ours. Another study examined the 
relationship between the degree of perinatal 
hypoxia and laboratory indicators of heart damage, 
as well as the investigative usefulness of a series of 
assessments in the retrospective analysis of birth 
hypoxia 19. Moreover, the cut-off Creatine Kinase- 
MB value of more than 92.6 U/L showed 82% of both 
specificity and sensitivity after 8 hours18. CK-MB 
scores 80.34 percent for positive predictive values 
and 81.63 percent for negative predictive values. A 
24-hour period of more than 60 U/L of CKMB has a 
95.83 percent specificity cut-off value and a 58.33 
percent sensitivity 69.70 % NPV and a 93.33 % PPV. A 
threshold LDH value of greater than 580 U/L had 100 
percent sensitivity and 87 percent specificity at 72 
hours20. LDH has an 89.29% chance of being 
beneficial and a 100 % chance of being 
detrimental. Based on the neonate's clinical 
features and history, LDH and CKMB level analysis at 
8 and 24 hours of life may distinguish between a 
non-hypoxia and a hypoxia newborn. LDH performs 
diagnostically better than CK-MB and the studies 
similarly compatible with the results of our 
investigation14,15,16,17.

The findings of this study align with existing literature, 
underscoring the critical role of CK-MB and LDH as 
diagnostic markers for perinatal hypoxia. The higher 
sensitivity of LDH (98.40%) compared to CK-MB 
(93.12%) corroborates studies suggesting its superior 
reliability in identifying hypoxic states in neonates. 
However, CK-MB demonstrated a higher positive 
predictive value (97.42%), reflecting its accuracy in 
confirming cases of hypoxia. These differences may 
highlight variations in the metabolic and enzymatic 
response of neonates to hypoxic stress23. Studies 
emphasize the utility of biochemical markers like 
LDH and CK-MB in the early diagnosis of 
hypoxic-ischemic encephalopathy, especially in 
settings with limited access to advanced diagnostic 
tools24. The importance of inflammatory markers in 
understanding the outcomes of perinatal hypoxia, 
which may complement CK-MB and LDH 
measurements25.

CONCLUSION
Findings showed that the diagnosis of perinatal 
hypoxia was mainly done through clinical findings. 
While CK-MB and LDH both detected hypoxia, LDH 
proved more reliable because of its greater 
sensitivity and specificity. The analysis also 

recognized the impact of gestational age, birth 
weight, and neonatal age as relevant diagnostic 
factors. These results reveal that LDH is a more 
reliable biomarker for perinatal hypoxia than CK-MB.
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INTRODUCTION
Rheumatoid arthritis (RA) is a progressive disease 
with chronic illness, with a prevalence of 0.5% to 1%1. 
For the management of pain and joint inflamma-
tion, RA patients usually use DMARDs along with 
immunosuppressive steroids and non-steroidal 
anti-inflammatory drugs (NSAIDs)2. Steroids and 
NSAIDs do not interfere with the progression of 
disease and are used only for symptomatic pain 
relief. While conventional (methotrexate, sulfadia-
zine, and hydrochloroquine) and biological (TNF-al-
pha inhibitors, IL-6 inhibitors) DMARDs slow down the 
disease progression and prevent further joint dam-
age3. American rheumatologists recognized Metho-
trexate (MTX) in the 1990s as the initial drug of 
choice and recommended medication for RA treat-
ment4. It serves as a chemotherapeutic agent at 
higher concentrations by inhibiting the enzyme 
dihydrofolate reductase (DHFR), which halts the 
synthesis of folic acid. At lower doses, it suppresses 
the activation of T-cells and downregulates B-cells 
by inhibiting adenosine metabolism by blocking the 
AICAR transformylase enzyme5. MTX is associated 
with multiple potential adverse effects including 
bone marrow suppression, hepatotoxicity, renal 
toxicity, and pulmonary fibrosis6. Before starting MTX 
medication, a clinical evaluation of the patient is 
recommended, which includes a liver function test 
(LFT), complete blood count (CBC), renal function 
test, and often a chest X-ray7.

Natural plants, which offer a wide range of bioac-
tive chemicals with medicinal qualities, have been 
essential in the development of medications. 
Research on herbal extracts as synthetic drug substi-
tutes is growing in order to address drug resistance 
and adverse drug reactions that are frequently 
linked with conventional drugs. These extracts, 
which are abundant in bioactive components, 
have demonstrated encouraging treatment 
outcomes for a range of medical disorders. Solanum 
nigrum, also referred to as black nightshade or 
makoh, is a plant that belongs to the Solanaceae 
family and has been used traditionally for a number 
of illnesses, such as inflammation, edema, and joint 
discomfort8. The major biologically active compo-
nents of Solanum nigrum, especially the saponins 
and steroidal alkaloids, play a crucial role in its thera-
peutic applications. The distilled extract of Solanum 
nigrum, arq-e-makoh, has reported antibacterial, 
antioxidant, gastroprotective, hypocholesterolemic, 
hypoglycemic, diuretic, and hepatoprotective 
properties. The distilled extract of Solanum nigrum, 
arq-e-makoh, has reported antibacterial, antioxi-
dant, gastroprotective, hypocholesterolemic, hypo-
glycemic, diuretic, and hepatoprotective proper-
ties9.

Patients with RA who are treated with DMARDs often 
face delayed onset of action, gradual loss of effica-

cy, and a range of adverse effects due to the 
nature of these medications. Previous literature and 
our recent study have reported significant antie-
dematous and anti-inflammatory effects of Solanum 
nigrum that were comparable to MTX10. So, there is a 
critical need for specific herbal alternatives that 
may be used in combination with conventional 
drugs like MTX for the attenuation of their adverse 
effects including hepatotoxicity and pancytopenia. 
Thus, the purpose of this study was to investigate the 
effects of the natural herb Solanum nigrum on meth-
otrexate-associated hepatotoxicity and pancyto-
penia.

METHODS
It was a pre-clinical experimental study conducted 
at Ziauddin University, Karachi. The study was 
conducted from November 2021 to May 2022. 
Solanum nigrum was purchased from the local 
nursery and authentication was done from the Kara-
chi University herbarium (Voucher # 97676). Plant 
extraction was done at Karachi University, Depart-
ment of Pharmacognosy. The leaves were washed, 
allowed to air dry at room temperature and then 
coarsely ground into particles. For ten days, this 
powder was immersed in pure ethyl alcohol where it 
was stirred two to four times a day. The solution was 
filtered through Whatman filter paper 1. The 
obtained extract was then further concentrated by 
rotary evaporation and then kept in an airtight flask 
in a refrigerator11. CFA (F5881-10ML) was purchased 
from Sigma Aldrich, Germany. Phenobarbital, 
dimethyl sulfoxide (DMSO), and alcohol were 
ordered from Laboratory Scientific Supplies Pvt. 
Limited, Karachi. Methotrexate vials were 
purchased from a local pharmacy.

In this study, 30 male Wistar albino rats were used 
with an approximate weight of 200±20g. All the 
animals used in this study were retained under 
standard conditions in their conventional cages in a 
12/12-hour light-dark cycle with ad libitum access to 
food and water at room temperature12. The investi-
gational procedures done in this study were 
approved by the Animals Ethics Committee (AEC) of 
Ziauddin University (Protocol number: 2021-004/MM) 
and were performed according to the "Canadian 
Council on Animal Care- Revised on April 2020"13. 
The rats were randomly divided into 5 groups (n = 6). 
Group-I: Negative (non-diseased) control (0.9% 
normal saline); Group-II: Positive (diseased) control 
(0.9% normal saline); Group-III: Methotrexate (MTX) 
1.5mg/kg; Group-IV: Solanum nigrum 100mg/kg; 
Group-V: Solanum nigrum 200mg/kg.

Arthritis was induced in all groups, except group I 
(negative controls), by an intra-articular injection of 
0.1ml CFA into the right knee joint space at day 0. 
The concentration of CFA was 1mg/ml14. This was 
then followed by intraperitoneal injections of 

standard drug (MTX 1.5mg/kg) and research herb 
(SN) extract, of 100mg/kg and 200mg/kg concen-
trations, on days 0,7,14 and 21 according to the 
groups mentioned below. Group I and Group II were 
treated with 0.9% normal saline on days 0, 7, 14, and 
21. Group III was treated with an intraperitoneal 
injection of 1.5mg/kg methotrexate as a standard 
dose on days 0, 7, 14, and 21. Group IV and Group V 
were treated with intraperitoneal injections of etha-
nolic extract of SN at 100mg/kg and 200mg/kg, 
respectively at the same intervals once weekly for 
four weeks. These dosages were selected based on 
several previous investigations that evaluated the 
anti-arthritic effect in rats15,16,17.

After overnight food deprivation, on the 29th day of 
the study, rats were deeply anesthetized and sacri-
ficed by 100mg/kg pentobarbital intraperitoneal 
injection as per American Veterinary Medical Asso-

ciation AVMA and Institutional Animal Ethics Com-
mittee (IAEC) guidelines18. 8ml to 10ml of blood 
samples were collected by cardiac puncture from 
each rat and then transferred into vacutainer tubes. 
5ml of blood was separated in a purple top tube for 
complete blood count (CBC) while the remaining 
5ml was centrifuged at 3000 rpm for 10 minutes in a 
yellow top vacutainer tube. After centrifugation, 
sera were separated for liver function tests (LFTs).

The results were analyzed by SPSS software version 
22. For numeric variables mean and standard devia-
tion were calculated. According to Shapiro Wilk's 
analysis, the data was found to be parametric. 
Hence, ANOVA followed by post hoc Tukey’s test 
was applied for inter and intra-group comparison. 
P-value <0.05 was considered significant at a 95% 
confidence interval.
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RESULTS

-ve Control 
(Healthy) 

+ve Control 
(Diseased) 

Methotrexate 
1.5mg/kg 

Solanum 
nigrum 

100mg/kg 

Solanum 
nigrum 

200mg/kg 
RBCs 6.24a 4.91 3.66 7.21a 6.59a

HGB 15.30a 15a 11.17b 14.70a 14.57a

WBCs 6.37b 20.10a 9.07b 6.07b 8.67b 

Platelets 962a 925a 629b 891a 945a

Table 1: Comparison of RBCs, HGB, WBCs, and platelet levels in various experimental groups at day 28. 

a shows significant (p=<0.05) difference between MTX group and other groups; b shows significant (p=<0.05) difference 
between positive control and other groups  

MTX group showed significant suppression of RBCs & hemoglobin when compared with herbal groups. Like 
MTX, both herbal groups showed notable suppression of WBCs when compared with the diseased controls. 
Platelets were also significantly decreased in the MTX group when compared with all other groups (Table 1). 

a shows significant (p=<0.05) difference between MTX group and other groups; b shows significant (p=<0.05) difference 
between positive control and other groups 

Figure 2: Comparison of Total Bilirubin, Direct Bilirubin, SGPT, and Alkaline Phosphate Levels in Various 
Experimental Groups at Day 28. 

Effects of Solanum nigrum on Liver Enzymes and Hematological Profile in Complete Freund’s Adjuvant-Induced Arthritic Rats  
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normal saline); Group-II: Positive (diseased) control 
(0.9% normal saline); Group-III: Methotrexate (MTX) 
1.5mg/kg; Group-IV: Solanum nigrum 100mg/kg; 
Group-V: Solanum nigrum 200mg/kg.

Arthritis was induced in all groups, except group I 
(negative controls), by an intra-articular injection of 
0.1ml CFA into the right knee joint space at day 0. 
The concentration of CFA was 1mg/ml14. This was 
then followed by intraperitoneal injections of 

standard drug (MTX 1.5mg/kg) and research herb 
(SN) extract, of 100mg/kg and 200mg/kg concen-
trations, on days 0,7,14 and 21 according to the 
groups mentioned below. Group I and Group II were 
treated with 0.9% normal saline on days 0, 7, 14, and 
21. Group III was treated with an intraperitoneal 
injection of 1.5mg/kg methotrexate as a standard 
dose on days 0, 7, 14, and 21. Group IV and Group V 
were treated with intraperitoneal injections of etha-
nolic extract of SN at 100mg/kg and 200mg/kg, 
respectively at the same intervals once weekly for 
four weeks. These dosages were selected based on 
several previous investigations that evaluated the 
anti-arthritic effect in rats15,16,17.

After overnight food deprivation, on the 29th day of 
the study, rats were deeply anesthetized and sacri-
ficed by 100mg/kg pentobarbital intraperitoneal 
injection as per American Veterinary Medical Asso-

ciation AVMA and Institutional Animal Ethics Com-
mittee (IAEC) guidelines18. 8ml to 10ml of blood 
samples were collected by cardiac puncture from 
each rat and then transferred into vacutainer tubes. 
5ml of blood was separated in a purple top tube for 
complete blood count (CBC) while the remaining 
5ml was centrifuged at 3000 rpm for 10 minutes in a 
yellow top vacutainer tube. After centrifugation, 
sera were separated for liver function tests (LFTs).

The results were analyzed by SPSS software version 
22. For numeric variables mean and standard devia-
tion were calculated. According to Shapiro Wilk's 
analysis, the data was found to be parametric. 
Hence, ANOVA followed by post hoc Tukey’s test 
was applied for inter and intra-group comparison. 
P-value <0.05 was considered significant at a 95% 
confidence interval.

DISCUSSION
CFA is effective in mimicking the immunological and 
pathological features of these diseases, making it a 
valuable tool for researchers19. The positive control 
group's WBCs showed a noteworthy surge, but 
the other three treatment groups MTX, SN100, 
and SN200 showed a considerable decrease in 
WBCs. MTX used as a standard drug, caused a 
significant decrease in WBC levels but also caused 
suppression in RBC and HGB levels. In a similar 
manner, a differ-ent trial that used MTX as 
treatment revealed a noteworthy decrease in 
WBCs, RBCs, and HGB levels, demonstrating the 
drug's suppressive effects on blood cells20. In 
relation to SN, a study conducted a hematological 
study in rats with arthritic conditions generated by 
CFA. Three distinct dosages of SN, 200 mg/kg, 400 
mg/kg, and 800 mg/kg, demonstrated a dose-
dependent decrease in WBC count, indicat-ing 
the herb's ability to mitigate inflammation21. This 
report also showed a decline in platelets 
upon increasing the dose of the herb while, 
contrary to this, in our study, there was no 
significant difference in platelet levels in both 
treated and untreated groups. Similar to our 
findings, another study found no discernible 
difference in the effects of different dosages of 
SN on platelets and RBCs. The study's findings 
also demonstrated that SN treatment had no 
obvious effect on HGB, MCV, or MCH, demon-
strating the its non-bone marrow suppressive quali-
ties22. According to our findings, SN attenuated 
the bone marrow suppressive impact of MTX by 
not significantly affecting red blood cells, 
hematocrit, or hemoglobin levels in the groups 
treated with it. Therefore, our results support 
this argument that, unlike MTX, SN does not have 
bone-marrow suppres-sive properties rather it can 
be used adjunctively to prevent bone marrow 
suppression associated with MTX.Regarding the liver function tests, MTX exhibited a 
significant increase in total bilirubin. MTX also caused 
a significant increase in the SGPT levels as MTX is well 
known to cause serum SGPT elevation23. Our results 
also exhibited a significant increase in alkaline phos-
phate in the MTX group when compared with the 
negative control group. Few other recent studies 
also reported that the MTX group notably increased 
the bilirubin, SGPT and alkaline phosphate levels 
when compared with controls24, 25. Individuals who 
use MTX for an extended period of time may devel-
op liver damage as a result of intracellular MTX-poly-
glutamate (MTX-PG) buildup. It is a metabolite of 
MTX that triggers inflammation, oxidative stress, 
fibrosis, and apoptosis in hepatocytes therefore LFTs 
are usually recommended during the course of its 
treatment26. The results reported that both SN groups 
showed no significant effects on total bilirubin levels 
rather it may decrease the hepatotoxic potential of 
MTX if used in combination. Similar outcomes have 
been reported in another investigation, demonstrat-

ing a noteworthy reduction in bilirubin levels upon 
SN treatment. Alkaline phosphate and SGPT levels 
were also found to decline in a dose-dependent 
manner in the same study12. Literature has also 
reported a decrease in total bilirubin, SGPT, and 
alkaline phosphate in SN-treated animals27. Apart 
from its suppressive effects on pro-inflammatory 
mediators, SN also has reported hepatoprotective, 
gastroprotective, nephroprotective, anti-inflamma-
tory, antioxidant, and analgesic properties28,29,30.

CONCLUSION
In conclusion, unlike methotrexate which showed 
myelosuppressive effects, Solanum nigrum did not 
show any suppressive effects on the hematological 
profile. Solanum nigrum demonstrated its hemato-
poietic potential. Furthermore, Solanum nigrum 
outperformed MTX in reducing the hepatic paren-
chymal damage brought on by MTX and did not 
significantly increase the liver enzymes. Thus, 
Solanum nigrum can be further evaluated in clinical 
trials as an adjunct to MTX for the comprehensive 
therapy of RA following additional in vivo research 
with dose optimization.

LIST OF ABBREVIATIONS
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LFT - Liver Function Test
SGPT - Serum Glutamic Pyruvic Transaminase
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INTRODUCTION
Rheumatoid arthritis (RA) is a progressive disease 
with chronic illness, with a prevalence of 0.5% to 1%1. 
For the management of pain and joint inflamma-
tion, RA patients usually use DMARDs along with 
immunosuppressive steroids and non-steroidal 
anti-inflammatory drugs (NSAIDs)2. Steroids and 
NSAIDs do not interfere with the progression of 
disease and are used only for symptomatic pain 
relief. While conventional (methotrexate, sulfadia-
zine, and hydrochloroquine) and biological (TNF-al-
pha inhibitors, IL-6 inhibitors) DMARDs slow down the 
disease progression and prevent further joint dam-
age3. American rheumatologists recognized Metho-
trexate (MTX) in the 1990s as the initial drug of 
choice and recommended medication for RA treat-
ment4. It serves as a chemotherapeutic agent at 
higher concentrations by inhibiting the enzyme 
dihydrofolate reductase (DHFR), which halts the 
synthesis of folic acid. At lower doses, it suppresses 
the activation of T-cells and downregulates B-cells 
by inhibiting adenosine metabolism by blocking the 
AICAR transformylase enzyme5. MTX is associated 
with multiple potential adverse effects including 
bone marrow suppression, hepatotoxicity, renal 
toxicity, and pulmonary fibrosis6. Before starting MTX 
medication, a clinical evaluation of the patient is 
recommended, which includes a liver function test 
(LFT), complete blood count (CBC), renal function 
test, and often a chest X-ray7.
 
Natural plants, which offer a wide range of bioac-
tive chemicals with medicinal qualities, have been 
essential in the development of medications. 
Research on herbal extracts as synthetic drug substi-
tutes is growing in order to address drug resistance 
and adverse drug reactions that are frequently 
linked with conventional drugs. These extracts, 
which are abundant in bioactive components, 
have demonstrated encouraging treatment 
outcomes for a range of medical disorders. Solanum 
nigrum, also referred to as black nightshade or 
makoh, is a plant that belongs to the Solanaceae 
family and has been used traditionally for a number 
of illnesses, such as inflammation, edema, and joint 
discomfort8. The major biologically active compo-
nents of Solanum nigrum, especially the saponins 
and steroidal alkaloids, play a crucial role in its thera-
peutic applications. The distilled extract of Solanum 
nigrum, arq-e-makoh, has reported antibacterial, 
antioxidant, gastroprotective, hypocholesterolemic, 
hypoglycemic, diuretic, and hepatoprotective 
properties. The distilled extract of Solanum nigrum, 
arq-e-makoh, has reported antibacterial, antioxi-
dant, gastroprotective, hypocholesterolemic, hypo-
glycemic, diuretic, and hepatoprotective proper-
ties9.

Patients with RA who are treated with DMARDs often 
face delayed onset of action, gradual loss of effica-

cy, and a range of adverse effects due to the 
nature of these medications. Previous literature and 
our recent study have reported significant antie-
dematous and anti-inflammatory effects of Solanum 
nigrum that were comparable to MTX10. So, there is a 
critical need for specific herbal alternatives that 
may be used in combination with conventional 
drugs like MTX for the attenuation of their adverse 
effects including hepatotoxicity and pancytopenia. 
Thus, the purpose of this study was to investigate the 
effects of the natural herb Solanum nigrum on meth-
otrexate-associated hepatotoxicity and pancyto-
penia.

METHODS
It was a pre-clinical experimental study conducted 
at Ziauddin University, Karachi. The study was 
conducted from November 2021 to May 2022. 
Solanum nigrum was purchased from the local 
nursery and authentication was done from the Kara-
chi University herbarium (Voucher # 97676). Plant 
extraction was done at Karachi University, Depart-
ment of Pharmacognosy. The leaves were washed, 
allowed to air dry at room temperature and then 
coarsely ground into particles. For ten days, this 
powder was immersed in pure ethyl alcohol where it 
was stirred two to four times a day. The solution was 
filtered through Whatman filter paper 1. The 
obtained extract was then further concentrated by 
rotary evaporation and then kept in an airtight flask 
in a refrigerator11. CFA (F5881-10ML) was purchased 
from Sigma Aldrich, Germany. Phenobarbital, 
dimethyl sulfoxide (DMSO), and alcohol were 
ordered from Laboratory Scientific Supplies Pvt. 
Limited, Karachi. Methotrexate vials were 
purchased from a local pharmacy.
 
In this study, 30 male Wistar albino rats were used 
with an approximate weight of 200±20g. All the 
animals used in this study were retained under 
standard conditions in their conventional cages in a 
12/12-hour light-dark cycle with ad libitum access to 
food and water at room temperature12. The investi-
gational procedures done in this study were 
approved by the Animals Ethics Committee (AEC) of 
Ziauddin University (Protocol number: 2021-004/MM) 
and were performed according to the "Canadian 
Council on Animal Care- Revised on April 2020"13. 
The rats were randomly divided into 5 groups (n = 6). 
Group-I: Negative (non-diseased) control (0.9% 
normal saline); Group-II: Positive (diseased) control 
(0.9% normal saline); Group-III: Methotrexate (MTX) 
1.5mg/kg; Group-IV: Solanum nigrum 100mg/kg; 
Group-V: Solanum nigrum 200mg/kg.
 
Arthritis was induced in all groups, except group I 
(negative controls), by an intra-articular injection of 
0.1ml CFA into the right knee joint space at day 0. 
The concentration of CFA was 1mg/ml14. This was 
then followed by intraperitoneal injections of 

standard drug (MTX 1.5mg/kg) and research herb 
(SN) extract, of 100mg/kg and 200mg/kg concen-
trations, on days 0,7,14 and 21 according to the 
groups mentioned below. Group I and Group II were 
treated with 0.9% normal saline on days 0, 7, 14, and 
21. Group III was treated with an intraperitoneal 
injection of 1.5mg/kg methotrexate as a standard 
dose on days 0, 7, 14, and 21. Group IV and Group V 
were treated with intraperitoneal injections of etha-
nolic extract of SN at 100mg/kg and 200mg/kg, 
respectively at the same intervals once weekly for 
four weeks. These dosages were selected based on 
several previous investigations that evaluated the 
anti-arthritic effect in rats15,16,17.

After overnight food deprivation, on the 29th day of 
the study, rats were deeply anesthetized and sacri-
ficed by 100mg/kg pentobarbital intraperitoneal 
injection as per American Veterinary Medical Asso-

ciation AVMA and Institutional Animal Ethics Com-
mittee (IAEC) guidelines18. 8ml to 10ml of blood 
samples were collected by cardiac puncture from 
each rat and then transferred into vacutainer tubes. 
5ml of blood was separated in a purple top tube for 
complete blood count (CBC) while the remaining 
5ml was centrifuged at 3000 rpm for 10 minutes in a 
yellow top vacutainer tube. After centrifugation, 
sera were separated for liver function tests (LFTs).

The results were analyzed by SPSS software version 
22. For numeric variables mean and standard devia-
tion were calculated. According to Shapiro Wilk's 
analysis, the data was found to be parametric. 
Hence, ANOVA followed by post hoc Tukey’s test 
was applied for inter and intra-group comparison. 
P-value <0.05 was considered significant at a 95% 
confidence interval.

DISCUSSION
CFA is effective in mimicking the immunological and 
pathological features of these diseases, making it a 
valuable tool for researchers19. The positive control 
group's WBCs showed a noteworthy surge, but the 
other three treatment groups—MTX, SN100, and 
SN200—showed a considerable decrease in WBCs. 
MTX used as a standard drug, caused a significant 
decrease in WBC levels but also caused suppression 
in RBC and HGB levels. In a similar manner, a differ-
ent trial that used MTX as treatment revealed a 
noteworthy decrease in WBCs, RBCs, and HGB 
levels, demonstrating the drug's suppressive effects 
on blood cells20. In relation to SN, a study conducted 
a hematological study in rats with arthritic conditions 
generated by CFA. Three distinct dosages of SN, 200 
mg/kg, 400 mg/kg, and 800 mg/kg, demonstrated a 
dose-dependent decrease in WBC count, indicat-
ing the herb's ability to mitigate inflammation21. This 
report also showed a decline in platelets upon 
increasing the dose of the herb while, contrary to 
this, in our study, there was no significant difference 
in platelet levels in both treated and untreated 
groups. Similar to our findings, another study found 
no discernible difference in the effects of different 
dosages of SN on platelets and RBCs. The study's 
findings also demonstrated that SN treatment had 
no obvious effect on HGB, MCV, or MCH, demon-
strating the its non-bone marrow suppressive quali-
ties22. According to our findings, SN attenuated the 
bone marrow suppressive impact of MTX by not 
significantly affecting red blood cells, hematocrit, or 
hemoglobin levels in the groups treated with it. 
Therefore, our results support this argument that, 
unlike MTX, SN does not have bone-marrow suppres-
sive properties rather it can be used adjunctively to 
prevent bone marrow suppression associated with 
MTX.

Regarding the liver function tests, MTX exhibited a 
significant increase in total bilirubin. MTX also caused 
a significant increase in the SGPT levels as MTX is well 
known to cause serum SGPT elevation23. Our results 
also exhibited a significant increase in alkaline phos-
phate in the MTX group when compared with the 
negative control group. Few other recent studies 
also reported that the MTX group notably increased 
the bilirubin, SGPT and alkaline phosphate levels 
when compared with controls24, 25. Individuals who 
use MTX for an extended period of time may devel-
op liver damage as a result of intracellular MTX-poly-
glutamate (MTX-PG) buildup. It is a metabolite of 
MTX that triggers inflammation, oxidative stress, 
fibrosis, and apoptosis in hepatocytes therefore LFTs 
are usually recommended during the course of its 
treatment26. The results reported that both SN groups 
showed no significant effects on total bilirubin levels 
rather it may decrease the hepatotoxic potential of 
MTX if used in combination. Similar outcomes have 
been reported in another investigation, demonstrat-

ing a noteworthy reduction in bilirubin levels upon 
SN treatment. Alkaline phosphate and SGPT levels 
were also found to decline in a dose-dependent 
manner in the same study12. Literature has also 
reported a decrease in total bilirubin, SGPT, and 
alkaline phosphate in SN-treated animals27. Apart 
from its suppressive effects on pro-inflammatory 
mediators, SN also has reported hepatoprotective, 
gastroprotective, nephroprotective, anti-inflamma-
tory, antioxidant, and analgesic properties28,29,30.

CONCLUSION
In conclusion, unlike methotrexate which showed 
myelosuppressive effects, Solanum nigrum did not 
show any suppressive effects on the hematological 
profile. Solanum nigrum demonstrated its hemato-
poietic potential. Furthermore, Solanum nigrum 
outperformed MTX in reducing the hepatic paren-
chymal damage brought on by MTX and did not 
significantly increase the liver enzymes. Thus, 
Solanum nigrum can be further evaluated in clinical 
trials as an adjunct to MTX for the comprehensive 
therapy of RA following additional in vivo research 
with dose optimization.

LIST OF ABBREVIATIONS
CFA - Complete Freund’s Adjuvant
SN - Solanum Nigrum
CBC - Complete Blood Count
HGB - Hemoglobin
LFT - Liver Function Test
SGPT - Serum Glutamic Pyruvic Transaminase
MTX - Methotrexate
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INTRODUCTION
Rheumatoid arthritis (RA) is a progressive disease 
with chronic illness, with a prevalence of 0.5% to 1%1. 
For the management of pain and joint inflamma-
tion, RA patients usually use DMARDs along with 
immunosuppressive steroids and non-steroidal 
anti-inflammatory drugs (NSAIDs)2. Steroids and 
NSAIDs do not interfere with the progression of 
disease and are used only for symptomatic pain 
relief. While conventional (methotrexate, sulfadia-
zine, and hydrochloroquine) and biological (TNF-al-
pha inhibitors, IL-6 inhibitors) DMARDs slow down the 
disease progression and prevent further joint dam-
age3. American rheumatologists recognized Metho-
trexate (MTX) in the 1990s as the initial drug of 
choice and recommended medication for RA treat-
ment4. It serves as a chemotherapeutic agent at 
higher concentrations by inhibiting the enzyme 
dihydrofolate reductase (DHFR), which halts the 
synthesis of folic acid. At lower doses, it suppresses 
the activation of T-cells and downregulates B-cells 
by inhibiting adenosine metabolism by blocking the 
AICAR transformylase enzyme5. MTX is associated 
with multiple potential adverse effects including 
bone marrow suppression, hepatotoxicity, renal 
toxicity, and pulmonary fibrosis6. Before starting MTX 
medication, a clinical evaluation of the patient is 
recommended, which includes a liver function test 
(LFT), complete blood count (CBC), renal function 
test, and often a chest X-ray7.
 
Natural plants, which offer a wide range of bioac-
tive chemicals with medicinal qualities, have been 
essential in the development of medications. 
Research on herbal extracts as synthetic drug substi-
tutes is growing in order to address drug resistance 
and adverse drug reactions that are frequently 
linked with conventional drugs. These extracts, 
which are abundant in bioactive components, 
have demonstrated encouraging treatment 
outcomes for a range of medical disorders. Solanum 
nigrum, also referred to as black nightshade or 
makoh, is a plant that belongs to the Solanaceae 
family and has been used traditionally for a number 
of illnesses, such as inflammation, edema, and joint 
discomfort8. The major biologically active compo-
nents of Solanum nigrum, especially the saponins 
and steroidal alkaloids, play a crucial role in its thera-
peutic applications. The distilled extract of Solanum 
nigrum, arq-e-makoh, has reported antibacterial, 
antioxidant, gastroprotective, hypocholesterolemic, 
hypoglycemic, diuretic, and hepatoprotective 
properties. The distilled extract of Solanum nigrum, 
arq-e-makoh, has reported antibacterial, antioxi-
dant, gastroprotective, hypocholesterolemic, hypo-
glycemic, diuretic, and hepatoprotective proper-
ties9.

Patients with RA who are treated with DMARDs often 
face delayed onset of action, gradual loss of effica-

cy, and a range of adverse effects due to the 
nature of these medications. Previous literature and 
our recent study have reported significant antie-
dematous and anti-inflammatory effects of Solanum 
nigrum that were comparable to MTX10. So, there is a 
critical need for specific herbal alternatives that 
may be used in combination with conventional 
drugs like MTX for the attenuation of their adverse 
effects including hepatotoxicity and pancytopenia. 
Thus, the purpose of this study was to investigate the 
effects of the natural herb Solanum nigrum on meth-
otrexate-associated hepatotoxicity and pancyto-
penia.

METHODS
It was a pre-clinical experimental study conducted 
at Ziauddin University, Karachi. The study was 
conducted from November 2021 to May 2022. 
Solanum nigrum was purchased from the local 
nursery and authentication was done from the Kara-
chi University herbarium (Voucher # 97676). Plant 
extraction was done at Karachi University, Depart-
ment of Pharmacognosy. The leaves were washed, 
allowed to air dry at room temperature and then 
coarsely ground into particles. For ten days, this 
powder was immersed in pure ethyl alcohol where it 
was stirred two to four times a day. The solution was 
filtered through Whatman filter paper 1. The 
obtained extract was then further concentrated by 
rotary evaporation and then kept in an airtight flask 
in a refrigerator11. CFA (F5881-10ML) was purchased 
from Sigma Aldrich, Germany. Phenobarbital, 
dimethyl sulfoxide (DMSO), and alcohol were 
ordered from Laboratory Scientific Supplies Pvt. 
Limited, Karachi. Methotrexate vials were 
purchased from a local pharmacy.
 
In this study, 30 male Wistar albino rats were used 
with an approximate weight of 200±20g. All the 
animals used in this study were retained under 
standard conditions in their conventional cages in a 
12/12-hour light-dark cycle with ad libitum access to 
food and water at room temperature12. The investi-
gational procedures done in this study were 
approved by the Animals Ethics Committee (AEC) of 
Ziauddin University (Protocol number: 2021-004/MM) 
and were performed according to the "Canadian 
Council on Animal Care- Revised on April 2020"13. 
The rats were randomly divided into 5 groups (n = 6). 
Group-I: Negative (non-diseased) control (0.9% 
normal saline); Group-II: Positive (diseased) control 
(0.9% normal saline); Group-III: Methotrexate (MTX) 
1.5mg/kg; Group-IV: Solanum nigrum 100mg/kg; 
Group-V: Solanum nigrum 200mg/kg.
 
Arthritis was induced in all groups, except group I 
(negative controls), by an intra-articular injection of 
0.1ml CFA into the right knee joint space at day 0. 
The concentration of CFA was 1mg/ml14. This was 
then followed by intraperitoneal injections of 

standard drug (MTX 1.5mg/kg) and research herb 
(SN) extract, of 100mg/kg and 200mg/kg concen-
trations, on days 0,7,14 and 21 according to the 
groups mentioned below. Group I and Group II were 
treated with 0.9% normal saline on days 0, 7, 14, and 
21. Group III was treated with an intraperitoneal 
injection of 1.5mg/kg methotrexate as a standard 
dose on days 0, 7, 14, and 21. Group IV and Group V 
were treated with intraperitoneal injections of etha-
nolic extract of SN at 100mg/kg and 200mg/kg, 
respectively at the same intervals once weekly for 
four weeks. These dosages were selected based on 
several previous investigations that evaluated the 
anti-arthritic effect in rats15,16,17.

After overnight food deprivation, on the 29th day of 
the study, rats were deeply anesthetized and sacri-
ficed by 100mg/kg pentobarbital intraperitoneal 
injection as per American Veterinary Medical Asso-

ciation AVMA and Institutional Animal Ethics Com-
mittee (IAEC) guidelines18. 8ml to 10ml of blood 
samples were collected by cardiac puncture from 
each rat and then transferred into vacutainer tubes. 
5ml of blood was separated in a purple top tube for 
complete blood count (CBC) while the remaining 
5ml was centrifuged at 3000 rpm for 10 minutes in a 
yellow top vacutainer tube. After centrifugation, 
sera were separated for liver function tests (LFTs).

The results were analyzed by SPSS software version 
22. For numeric variables mean and standard devia-
tion were calculated. According to Shapiro Wilk's 
analysis, the data was found to be parametric. 
Hence, ANOVA followed by post hoc Tukey’s test 
was applied for inter and intra-group comparison. 
P-value <0.05 was considered significant at a 95% 
confidence interval.

DISCUSSION
CFA is effective in mimicking the immunological and 
pathological features of these diseases, making it a 
valuable tool for researchers19. The positive control 
group's WBCs showed a noteworthy surge, but the 
other three treatment groups—MTX, SN100, and 
SN200—showed a considerable decrease in WBCs. 
MTX used as a standard drug, caused a significant 
decrease in WBC levels but also caused suppression 
in RBC and HGB levels. In a similar manner, a differ-
ent trial that used MTX as treatment revealed a 
noteworthy decrease in WBCs, RBCs, and HGB 
levels, demonstrating the drug's suppressive effects 
on blood cells20. In relation to SN, a study conducted 
a hematological study in rats with arthritic conditions 
generated by CFA. Three distinct dosages of SN, 200 
mg/kg, 400 mg/kg, and 800 mg/kg, demonstrated a 
dose-dependent decrease in WBC count, indicat-
ing the herb's ability to mitigate inflammation21. This 
report also showed a decline in platelets upon 
increasing the dose of the herb while, contrary to 
this, in our study, there was no significant difference 
in platelet levels in both treated and untreated 
groups. Similar to our findings, another study found 
no discernible difference in the effects of different 
dosages of SN on platelets and RBCs. The study's 
findings also demonstrated that SN treatment had 
no obvious effect on HGB, MCV, or MCH, demon-
strating the its non-bone marrow suppressive quali-
ties22. According to our findings, SN attenuated the 
bone marrow suppressive impact of MTX by not 
significantly affecting red blood cells, hematocrit, or 
hemoglobin levels in the groups treated with it. 
Therefore, our results support this argument that, 
unlike MTX, SN does not have bone-marrow suppres-
sive properties rather it can be used adjunctively to 
prevent bone marrow suppression associated with 
MTX.

Regarding the liver function tests, MTX exhibited a 
significant increase in total bilirubin. MTX also caused 
a significant increase in the SGPT levels as MTX is well 
known to cause serum SGPT elevation23. Our results 
also exhibited a significant increase in alkaline phos-
phate in the MTX group when compared with the 
negative control group. Few other recent studies 
also reported that the MTX group notably increased 
the bilirubin, SGPT and alkaline phosphate levels 
when compared with controls24, 25. Individuals who 
use MTX for an extended period of time may devel-
op liver damage as a result of intracellular MTX-poly-
glutamate (MTX-PG) buildup. It is a metabolite of 
MTX that triggers inflammation, oxidative stress, 
fibrosis, and apoptosis in hepatocytes therefore LFTs 
are usually recommended during the course of its 
treatment26. The results reported that both SN groups 
showed no significant effects on total bilirubin levels 
rather it may decrease the hepatotoxic potential of 
MTX if used in combination. Similar outcomes have 
been reported in another investigation, demonstrat-

ing a noteworthy reduction in bilirubin levels upon 
SN treatment. Alkaline phosphate and SGPT levels 
were also found to decline in a dose-dependent 
manner in the same study12. Literature has also 
reported a decrease in total bilirubin, SGPT, and 
alkaline phosphate in SN-treated animals27. Apart 
from its suppressive effects on pro-inflammatory 
mediators, SN also has reported hepatoprotective, 
gastroprotective, nephroprotective, anti-inflamma-
tory, antioxidant, and analgesic properties28,29,30.

CONCLUSION
In conclusion, unlike methotrexate which showed 
myelosuppressive effects, Solanum nigrum did not 
show any suppressive effects on the hematological 
profile. Solanum nigrum demonstrated its hemato-
poietic potential. Furthermore, Solanum nigrum 
outperformed MTX in reducing the hepatic paren-
chymal damage brought on by MTX and did not 
significantly increase the liver enzymes. Thus, 
Solanum nigrum can be further evaluated in clinical 
trials as an adjunct to MTX for the comprehensive 
therapy of RA following additional in vivo research 
with dose optimization.

LIST OF ABBREVIATIONS
CFA - Complete Freund’s Adjuvant
SN - Solanum Nigrum
CBC - Complete Blood Count
HGB - Hemoglobin
LFT - Liver Function Test
SGPT - Serum Glutamic Pyruvic Transaminase
MTX - Methotrexate
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