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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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INTRODUCTION
Heart failure (HF) is a persistent inflammatory condition 
characterized by unclear hormonal and immunologi-
cal processes1. Dilated cardiomyopathy (DCM) is a 
frequent form of cardiomyopathy exhibiting into systol-
ic and/or diastolic dysfunction, leading to varying 
degree of HF2. Despite treatment efforts, the prognosis 
remains unfavorable, with a substantial risk of mortality, 
hospital readmissions, or the necessity for cardiac 
transplantation3. Several factors that impact the prog-
nosis include age, HF severity, occurrence of arrhyth-
mias, and the extent of ventricular function impair-
ment4,5.

Literature suggests that inflammation plays a key role 
in the onset and development of cardiovascular 
diseases (CVD)6. Chronic inflammation is also preva-
lent among HF patients. Two relatively new inflamma-
tory biomarkers, namely “Neutrophil-to-Lymphocyte 
Ratio (NLR)” and “Platelet-to-Lymphocyte Ratio (PLR)”, 
have been employed as prognostic indicators in 
numerous diseases. Researchers have revealed that 
higher NLR exhibited raised death rates in individuals 
with coronary artery disease (CAD)7,8,9.

Biomarkers like “B-type natriuretic peptide (BNP)”, 
highly sensitive troponins, and soluble protein ST2 have 
proven valuable for assessing the severity of HF and 
the risk of both short-term and long-term mortality10. 
However, these biomarkers are often expensive and 
not widely available. On the other hand, routine 
hemogram tests are readily accessible and routinely 
ordered for patients during follow-up. The potential for 
a cost-effective biomarker derived from hemogram 
data is highly beneficial in clinical practice. The NLR is 
emerging as a relatively newer inflammatory biomark-
er and is being adopted in the prognosis and staging 
of numerous chronic diseases. As the inflammatory 
process is an important consideration behind HF, 
evaluation of NLR may hold prognostic value and 
marker of dilated cardiomyopathy in children. This 
study aimed to assess the utility of NLR as a prognostic 
marker of DCM in children.

METHODS
This prospective observational cohort study was 
performed at the Department of Pediatric Medicine, 
Rai Teaching Hospital, Sargodha, Pakistan from Octo-
ber 2022 to September 2024. Approval was obtained 

from “Institutional Ethical Committee” (ERC/2020/095). 
A sample size of 64 was calculated using the OpenEPI 
online sample size calculator considering the mortality 
in pediatric cardiomyopathy as 12.0%,11 with 95% 
confidence level, and 8% margin of error. Anticipating 
15% drop-out, another 10 patients were added to the 
sample size, and this study finally analyzed 74 children. 
The inclusion criteria for this research were children 
aged up to 18 years having an established diagnosis 
of DCM and taking treatment for chronic HF. Exclusion 
criteria consisted of children who had congenital 
heart disease or other forms of cardiomyopathy (like 
diabetic cardiomyopathy). Children were also exclud-
ed if they had chronic inflammatory conditions or 
severe infections. Children reporting a history of any 
kind of cardiac procedures were also not included. 
Informed consents from the participants or their 
parents/guardians were also required. Non-probabili-
ty, consecutive sampling technique was adopted.

Age, gender, residence, and “left ventricular ejection 
fraction (LVEF)” were noted at the time of inclusion. 
The NLR for each patient was determined by dividing 
the total count of neutrophils by the total count of 
lymphocytes. Treatment advised included an appro-
priate dose of diuretics (if congestive symptoms 
present), “angiotensin-converting enzyme inhibitors”, 
β-blockers, spironolactone (if LVEF<30%), and digoxin 
(if presence of refractory symptoms). The contact 
number of the legal guardians of the children enrolled 
was taken and a reminder for the scheduled follow-up 
was sent using phone calls. Children were advised a 
bi-monthly follow-up and outcomes were recorded 
after 6 months. The outcome was noted in terms of life 
or mortality. Need for the hospitalization during the 
follow-up period was also recorded. Data of children 
missing the mandatory minimum follow-up period of 
six months were excluded from the analysis. A special 
format was formed to record all the study data.

Data analysis was performed using “IBM-SPSS Statis-
tics”, version 26.0. Mean and standard deviation were 
calculated for variables of numeric nature. Frequency 
and percentages were chosen for the representation 
of data categorical in nature. The chi-square test was 
applied to compare categorical data whereas an 
independent sample t-test was employed for compar-
ing numeric data. P<0.05 was labeled as the level of 
significance.

Characteristics Frequency (%) / Mean±SD 
Gender Boys 43 (58.1%) 

Girls 31 (41.9%) 
Age (years) 5 51 (68.9%) 

6-12 15 (20.3%) 
13-18 8 (10.8%) 

Residence Urban 29 (39.2%) 
Rural 45 (60.8%) 

RESULTS

Table-1: Baseline Parameters (n=74) 
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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.

Serum creatinine (mg/dl) 0.8±0.2 
Oxygen saturation (%) 95.0±4.8 
C-reactive protein (mg/L) 4.8±1.15 
Left ventricular ejection fraction (%) 39.28±12.63 
Hemoglobin (g/dl) 11.4±1.6 
Leukocytes (/mm3) 9428±4658 
Platelets (109/L) 321±162 
Neutrophils (/uL)  5274±4239 
Lymphocytes (/uL) 3414±1645 
Neutrophil-to-lymphocyte ratio 1.6±2.2 

 

In a total of 74 patients, 43 (58.1%) were boys, representing a boy-to-girl ratio of 1.4:1. The mean age was 
4.61±4.37 years while 51 (68.9%) patients were aged  5 years. The residential status of 45 (60.8%) children was 
rural. Table 1 shows details of the baseline demographic, clinical, and laboratory parameters.  

By the end of the mandatory period of 6-month follow-up, mortality was reported among 18 (24.3%). Need 
for readmission was noted in 13 out of 18 children who died while this was 15 out of 56 children who survived 
(72.2% vs. 26.8%, p=0.030). The mean NRL among children who survived was significantly lower than those 
who died (p<0.001), and the details are shown in Figure 1. 

Figure 1: Comparison of NLR with respect to outcome 

Table 2: Comparison of baseline characteristics with respect to final outcome (N=43) 

Baseline characteristics Survived (n=56) Died (n=18) P-value 

Gender Boys 35 (62.5%) 8 (44.4%) 0.177 

Girls 21 (37.5%) 10 (55.6%) 

Age (years) 5 42 (75.0%) 9 (50.0%) 0.136 

6-12 9 (16.7%) 6 (33.3%) 

13-18 5 (8.9%) 3 (16.7%) 

Residence Urban 22 (39.2%) 7 (38.8%) 0.976 

Rural 34 (60.8%) 11 (61.2%) 

Serum creatinine (mg/dl) 0.8±0.1 0.8±0.2 1 

Utility of Neutrophil-To-Lymphocyte Ratio as Prognostic Marker of Dilated Cardiomyopathy in Children  
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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.

Oxygen saturation (%) 95.8±3.9 93.4±5.6 0.046 

C-reactive protein (mg/L) 4.61±1.38 5.19±1.07 0.108 

LVEF (%) 42.64±11.05 32.98±10.71 0.002 

Hemoglobin (g/dl) 11.5±1.7 11.2±1.2 0.4901 

Leukocytes (/mm3) 8972±3281 9902±4273 0.336 

Platelets (109/L) 316±130 332±169 0.675 

Among patients who died, oxygen saturation (p=0.046), and LVEF were significantly lower at the time of 
enrollment when compared to those who survived (p=0.002). The details about the comparison of baseline 
characteristics of children with respect to final outcomes are shown in Table 2. 

DISCUSSION
The main objective of this research was to assess the 
prognostic value of NLR in pediatric DCM. Our results 
indicated that the mean NLR was significantly lower 
among children who survived (1.7±1.9) compared 
to those who died (4.9±3.8) (p<0.001). This finding 
suggests that NLR may indeed serve as a valuable 
prognostic marker in pediatric DCM. The observed 
linkage between NLR and outcomes may reflect the 
inflammatory nature of DCM12,13. Elevated NLR could 
signify a heightened inflammatory response, which 
has been linked to cardiac remodeling and adverse 
cardiac outcomes14,15. Pediatric DCM may involve 
immune dysregulation, and NLR, as a marker of the 
innate immune response, could be reflective of this 
imbalance. A study from Brazil explored NLR and its 
potential utilization as a prognostic marker for poor 
outcomes among children with DCM16. Similar to our 
findings, they also noted significantly higher NLR 
among children with DCM who died in comparison 
to those who survived (1.9±4.6 vs. 5.5±7.9, p=0.034). 
The present findings along with others exhibit that 
high NLR is linked with poor prognosis and enhances 
the chances of poor outcomes among children with 
DCM16.
 
A study from Turkey revealed that NLR was signifi-
cantly raised among patients with hypertrophic 
cardiomyopathy and it was related to a significantly 
higher risk of sudden cardiac death17. In another 
research, the authors found that NLR was raised 
among patients of HF when compared to age and 
gender-matched controls, although that study was 
conducted among the adult population18. The 
same study also concluded that NRL can be utilized 
to predict death during follow ups of HF patients. 
Another study highlighted high NLR among acute 
heart failure patients at the time of admission to be 
an independent predictor of in-hospital and 
post-discharge 3-year mortality19. Another research 
found that NLR was linked with the existence of 
subclinical diabetic cardiomyopathy which further 

suggests that NLR can be used as a biomarker to 
predict diabetic cardiomyopathy20. A comprehen-
sive review concluded that increased NLR among 
HF cases is an important biomarker regarding the 
severity and poor prognosis21.

Importantly, most studies evaluating the utilization of 
NLR have been conducted among adult popula-
tions, and there is a scarcity of data about the utility 
of NLR as a prognostic marker among children with 
DCM22,23. Still, whatever relevant literature is present, 
it supports the utilization of NLR for predicting poor 
outcomes among children with DCM24,25. The precise 
NLR thresholds and associations may vary among 
different cardiac conditions, so more research is 
needed to further add to what is already known in 
these aspects.

Being a single-center study and a relatively short 
follow-up period, there were some of limitations of 
this study. Further prospective studies employing 
long-term follow-ups and exploring the linkage of 
different thresholds of NLR with outcomes can 
provide valuable information

CONCLUSION
The study demonstrated that NLR may hold promise 
as a prognostic marker for pediatric DCM. The signifi-
cant association between lower NLR and survival 
highlights the potential utility of this simple and 
cost-effective biomarker in risk stratification and 
clinical decision-making. However, further prospec-
tive studies with larger sample sizes and comprehen-
sive consideration of treatment effects, comorbidi-
ties, and disease severity are necessary to validate 
these findings and to establish NLR as a robust prog-
nostic tool in the management of pediatric DCM.
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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

The main objective of this research was to assess the 
prognostic value of NLR in pediatric DCM. Our results 
indicated that the mean NLR was significantly lower 
among children who survived (1.7±1.9) compared 
to those who died (4.9±3.8) (p<0.001). This finding 
suggests that NLR may indeed serve as a valuable 
prognostic marker in pediatric DCM. The observed 
linkage between NLR and outcomes may reflect the 
inflammatory nature of DCM12,13. Elevated NLR could 
signify a heightened inflammatory response, which 
has been linked to cardiac remodeling and adverse 
cardiac outcomes14,15. Pediatric DCM may involve 
immune dysregulation, and NLR, as a marker of the 
innate immune response, could be reflective of this 
imbalance. A study from Brazil explored NLR and its 
potential utilization as a prognostic marker for poor 
outcomes among children with DCM16. Similar to our 
findings, they also noted significantly higher NLR 
among children with DCM who died in comparison 
to those who survived (1.9±4.6 vs. 5.5±7.9, p=0.034). 
The present findings along with others exhibit that 
high NLR is linked with poor prognosis and enhances 
the chances of poor outcomes among children with 
DCM16.
 
A study from Turkey revealed that NLR was signifi-
cantly raised among patients with hypertrophic 
cardiomyopathy and it was related to a significantly 
higher risk of sudden cardiac death17. In another 
research, the authors found that NLR was raised 
among patients of HF when compared to age and 
gender-matched controls, although that study was 
conducted among the adult population18. The 
same study also concluded that NRL can be utilized 
to predict death during follow ups of HF patients. 
Another study highlighted high NLR among acute 
heart failure patients at the time of admission to be 
an independent predictor of in-hospital and 
post-discharge 3-year mortality19. Another research 
found that NLR was linked with the existence of 
subclinical diabetic cardiomyopathy which further 

suggests that NLR can be used as a biomarker to 
predict diabetic cardiomyopathy20. A comprehen-
sive review concluded that increased NLR among 
HF cases is an important biomarker regarding the 
severity and poor prognosis21.

Importantly, most studies evaluating the utilization of 
NLR have been conducted among adult popula-
tions, and there is a scarcity of data about the utility 
of NLR as a prognostic marker among children with 
DCM22,23. Still, whatever relevant literature is present, 
it supports the utilization of NLR for predicting poor 
outcomes among children with DCM24,25. The precise 
NLR thresholds and associations may vary among 
different cardiac conditions, so more research is 
needed to further add to what is already known in 
these aspects.

Being a single-center study and a relatively short 
follow-up period, there were some of limitations of 
this study. Further prospective studies employing 
long-term follow-ups and exploring the linkage of 
different thresholds of NLR with outcomes can 
provide valuable information

CONCLUSION
The study demonstrated that NLR may hold promise 
as a prognostic marker for pediatric DCM. The signifi-
cant association between lower NLR and survival 
highlights the potential utility of this simple and 
cost-effective biomarker in risk stratification and 
clinical decision-making. However, further prospec-
tive studies with larger sample sizes and comprehen-
sive consideration of treatment effects, comorbidi-
ties, and disease severity are necessary to validate 
these findings and to establish NLR as a robust prog-
nostic tool in the management of pediatric DCM.
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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

The main objective of this research was to assess the 
prognostic value of NLR in pediatric DCM. Our results 
indicated that the mean NLR was significantly lower 
among children who survived (1.7±1.9) compared 
to those who died (4.9±3.8) (p<0.001). This finding 
suggests that NLR may indeed serve as a valuable 
prognostic marker in pediatric DCM. The observed 
linkage between NLR and outcomes may reflect the 
inflammatory nature of DCM12,13. Elevated NLR could 
signify a heightened inflammatory response, which 
has been linked to cardiac remodeling and adverse 
cardiac outcomes14,15. Pediatric DCM may involve 
immune dysregulation, and NLR, as a marker of the 
innate immune response, could be reflective of this 
imbalance. A study from Brazil explored NLR and its 
potential utilization as a prognostic marker for poor 
outcomes among children with DCM16. Similar to our 
findings, they also noted significantly higher NLR 
among children with DCM who died in comparison 
to those who survived (1.9±4.6 vs. 5.5±7.9, p=0.034). 
The present findings along with others exhibit that 
high NLR is linked with poor prognosis and enhances 
the chances of poor outcomes among children with 
DCM16.
 
A study from Turkey revealed that NLR was signifi-
cantly raised among patients with hypertrophic 
cardiomyopathy and it was related to a significantly 
higher risk of sudden cardiac death17. In another 
research, the authors found that NLR was raised 
among patients of HF when compared to age and 
gender-matched controls, although that study was 
conducted among the adult population18. The 
same study also concluded that NRL can be utilized 
to predict death during follow ups of HF patients. 
Another study highlighted high NLR among acute 
heart failure patients at the time of admission to be 
an independent predictor of in-hospital and 
post-discharge 3-year mortality19. Another research 
found that NLR was linked with the existence of 
subclinical diabetic cardiomyopathy which further 

suggests that NLR can be used as a biomarker to 
predict diabetic cardiomyopathy20. A comprehen-
sive review concluded that increased NLR among 
HF cases is an important biomarker regarding the 
severity and poor prognosis21.

Importantly, most studies evaluating the utilization of 
NLR have been conducted among adult popula-
tions, and there is a scarcity of data about the utility 
of NLR as a prognostic marker among children with 
DCM22,23. Still, whatever relevant literature is present, 
it supports the utilization of NLR for predicting poor 
outcomes among children with DCM24,25. The precise 
NLR thresholds and associations may vary among 
different cardiac conditions, so more research is 
needed to further add to what is already known in 
these aspects.

Being a single-center study and a relatively short 
follow-up period, there were some of limitations of 
this study. Further prospective studies employing 
long-term follow-ups and exploring the linkage of 
different thresholds of NLR with outcomes can 
provide valuable information

CONCLUSION
The study demonstrated that NLR may hold promise 
as a prognostic marker for pediatric DCM. The signifi-
cant association between lower NLR and survival 
highlights the potential utility of this simple and 
cost-effective biomarker in risk stratification and 
clinical decision-making. However, further prospec-
tive studies with larger sample sizes and comprehen-
sive consideration of treatment effects, comorbidi-
ties, and disease severity are necessary to validate 
these findings and to establish NLR as a robust prog-
nostic tool in the management of pediatric DCM.
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