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ABSTRACT

Background: Prenatal hypoxia is a condition where the fetus experiences insufficient oxygen levels 
and it can lead to morbidity and mortality. This study aimed to evaluate the diagnostic efficacy of 
the serum CK-MB fraction and LDH for the diagnosis of prenatal hypoxia.

Methods: This cross-sectional study was conducted in the Pediatric Department of Central Park 
Teaching Hospital, Lahore, from June 2022 to February 2024. The study included 240 newborns with 
signs of hypoxia, using purposive sampling and excluding cases with specific health conditions. 
Demographics, LDH, and CK-MB levels were analyzed in SPSS for sensitivity, specificity, positive 
predictive value PPV and negative predictive value (NPV, and diagnostic accuracy, with 
stratification by neonatal characteristics. The level of significance was set at p < 0.05.  

Results: The age distribution showed that 63.33% were up to six hours old.CK-MB (sensitivity 93.12%, 
specificity 66.72%) and LDH (sensitivity 98.40%, specificity 92.31%) PPV 97.42%, NPV 22.15%, and 
accuracy 92.92%. LDH showed a sensitivity of 98.40%, specificity of 92.31%, PPV of 79.40%, NPV of 
57.14%, and accuracy of 78.89% for diagnosing perinatal hypoxia.

Conclusion: Despite CK-MB having higher accuracy, LDH is considered more reliable due to its 
superior sensitivity and specificity, which are crucial for detecting prenatal hypoxia.
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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
The WHO defines newborn hypoxia as a newborn's 
inability to start and continue breathing1. Neonatal 
infection and mortality (HIE) are a leading cause of 
death and morbidity among infants across the 
globe with rates of 100–250/1000 live births in devel-
oping countries and 5–10/1000 live births in industrial-
ized countries2. Pakistan is responsible for 7% of the 
world's newborn mortality and 23% of newborns with 
birth hypoxia3. The size of the issue in Pakistan is 
shown by these statistics.

APGAR scores that are low and have a history of 
delayed or absent crying at delivery are commonly 
used to diagnose prenatal hypoxia. It will be very 
beneficial if biochemical markers can identify the 
HIE before clinical symptoms show up4.  According 
to the study, the APGAR score should be questioned 
for assessing hypoxia since it typically does not 
accurately reflect the level of acidity during birth 
(analysis of 1110 babies)5. Studies have been 
conducted on newborns who experienced prenatal 
oxygen deprivation which can result in transient 
ischemia of the myocardium and myocardial 
dysfunction. These indicators of hypoxia include 
CK-MB and LDH6,7,8. In research, the specificity and 
sensitivity for perinatal hypoxia prediction using 
CK-MB were found to be 28% and 100 %, respective-
ly, whereas those using LDH were 59.18% and 92%. In 
a newborn who needed resuscitation and had an 
Apgar score of less than 7, this demonstrated good 
specificity but extremely low sensitivity5. According 
to another research, the LDH has a sensitivity of 
96.3% and a specificity of 87.9%, whereas the CK-MB 
has a sensitivity of 30% and a specificity of 100 %9. 
The APGAR score and clinical findings will be the 
gold standard in this investigation. The purpose of 
the research is to evaluate the investigative preci-
sion of blood LDH and CK-MB for perinatal hypoxia 
prediction in term infants. An earlier and less intrusive 
technique is needed to anticipate prenatal hypoxia 
in newborns to reduce the likelihood of it happen-
ing. Research has demonstrated that LDH is a more 
reliable predictor of perinatal hypoxia 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 
operational. Thus, the goal of this study is to 
standardize the use of LDH and CK-MB testing for the 
prediction of early prenatal hypoxia. Furthermore, 
there is disagreement regarding whether the 
approach is more trustworthy. Therefore, the goal of 
this study is to gather local data for future use of 
more dependable methods in local setups.

METHODS
The research was conducted following the clear-
ance by the ethical committee of the hospital. 

Patients were scheduled to attend the Central Park 
Teaching Hospital, Lahore pediatric department 
between June 2022 to February 2024 ethical 
approval number CPMC.IRB-No 1465. The study 
employed a cross-sectional design to recruit 
newborns. The sample size was calculated using a 
statistical power calculator, considering a 95% confi-
dence level and a 23% expected prevalence of 
perinatal hypoxia 9. Prenatal hypoxia is expected to 
account for 240 instances with a 95% confidence 
level, while perinatal hypoxia is expected to 
account for 23% of cases. The LDH test’s sensitivity is 
59.18% with a 13% margin of error, and the specificity 
of the test is 92%10. This research comprised 
newborns of either gender who had delayed crying 
at delivery (shut off after two minutes) neonates 
aged 6 hours fall into the category, which was 
considered to be signs of suffocation. The study 
excluded neonates having a history of mother’s 
coagulation abnormalities (aPTT> 20 seconds, PT> 15 
seconds), drug addiction, septicemia, extremely 
low birth weight neonates (<2000 grams), congeni-
tal deformity, and other conditions. It was conduct-
ed in the emergency pediatrics department of 
Central Park Teaching Hospital, Lahore with 240 
babies who fulfilled the inclusion criteria. The parents 
approved the treatment to be carried out. Name, 
gender, age (in hours), gestational age, and birth 
weight were the demographic data that was 
collected. Using a 3cc BD syringe, blood was drawn 
in an aseptic manner.

The hospital's pathology lab examined the samples 
to check for LDH and CK-MB. On 2 milliliters of 
clotted blood, samples were examined using auto 
analyzers and reagent kits. Subjects were classified 
as either negative or positive for both indicators 
after reports were evaluated. Neonatal were then 
brought into the NICU. The cut-off values used to 
detect prenatal hypoxia in the study were LDH ≥ 400 
IU/L and CK-MB ≥ 10 IU/L. The neonate was verified 
as either positive or negative if prenatal hypoxia 
occurred. Every detail was documented on profor-
ma. SPSS version 24 was used for the data analysis, 
and standard proforma was used to record all 
results. For the quantitative characteristics like birth 
weight, and gestational age, there was a mean & a 
standard deviation. Frequency and percentages 
were used for (CK-MB, LDH, and actual develop-
ment). Qualitative factors 2x2 tables were used to 
calculate the specificity, sensitivity, PPV, NPV, and 
diagnostic accuracy of the CK-MB and LDH tests. 
When analyzing the data, consideration was given 
to the neonate's age, gestational age, gender, and 
birth weight. Using 2x2 tables created following 
stratification, the LDH and CK-MB specificity, sensitiv-
ity, PPV, NPV, and diagnostic accuracy were deter-
mined.

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.

LIST OF ABBRIVIATIONS 
CK-MB - Creatine Kinase-MB
LDH - Lactate Dehydrogenase
TP - True Positive
FP - False Positive
FN - False Negative
TN - True Negative
NPV - Negative Predictive Value
PPV - Positive Predictive Value
NICU - Neonatal Intensive Care Unit
aPTT - Activated Partial Thromboplastin Time
PT - Prothrombin Time
SD - Standard Deviation
N - Total Number of Cases

ACKNOWLEDGEMENTS
None

CONFLICT OF INTEREST
None

FUNDING
None

AUTHORS’ CONTRIBUTIONS
All authors contributed equally.

REFERENCES
1. Mulugeta T, Sebsibe G, Fenta FA, Sibhat M. Risk 
factors of perinatal asphyxia among newborns 
delivered at public hospitals in Addis Ababa, 
Ethiopia: case–control study. Pediatric health, 
medicine and therapeutics. 2020 Aug 25:297-306. 
doi:10.2147/PHMT.S265448.
2. Asif A, Cheema ZR, Tahir FN, Zaib N, Shoukat MU. 
Diagnostic Accuracy of Serum Creatine Kinase 
Muscle Brain Fraction and Lactate Dehydrogenase 
for Detection of Perinatal Asphyxia in Term 
Neonates. Pakistan Journal of Medical & Health 
Sciences. 2022 Apr 27;16(03):734-. 
doi:10.53350/pjmhs22163734.
3. Popescu MR, Panaitescu AM, Pavel B, Zagrean L, 
Peltecu G, Zagrean AM. Getting an early start in 
understanding perinatal hypoxia's impact on the 
cardiovascular system. Frontiers in Pediatrics. 2020 
Feb; 8:68. doi:10.3389/fped.2020.00068.
4. Antil PK, Mahajan K, Chandwani C, Rathee S, 
Bhardwaj AK, Maini B, et al. Serum lactate 
dehydrogenase levels with birth hypoxia in term 
neonates. Journal of Clinical and Diagnostic 
Research. 2020 Feb;14(2). 
doi:10.7860/JCDR/2020/42854.13553.
5. Zhu C, Wang X, Xu F, et al. Biomarkers in neonatal 
hypoxic–ischemic encephalopathy—Review of the 
research strategy. Journal of Maternal-Fetal & 

Neonatal Medicine. 2023 Sep;36(1):1-10. 
doi:10.1007/s12519-023-00698-7.
6. Elsadek AE, Fathy Barseem N, Suliman HA, 
Elshorbagy HH, Kamal NM, Talaat IM, et al. Hepatic 
injury in neonates with perinatal hypoxia. Global 
Pediatric Health. Jan 2021;8:2333794X20987781. 
doi:10.1177/2333794X20987781.
7. Chawla S, Singh RR, Bhatta NK. Lactate 
dehydrogenase and CK-MB as predictors of hypoxic 
ischaemic encephalopathy in newborns with 
perinatal asphyxia. International Journal of 
Pediatrics. 2019 Aug 12;11(2):58-64. 
doi:10.22038/ijp.2019.36192.3165.
8. Abdelbaseer KA, Abdalla EA, Ibraheem AK, 
Qubaisy HM. The role of serum lactate and enzymes 
in predicting perinatal hypoxia. SVU International 
Journal of Medical Sciences. July 2022;5(2):262-73. 
doi:10.21608/svuijm.2022.254457.
9. Khan H, Asif M, Razaq M, Rahat A, Kayani Y, 
Azeem T, Zafar H, Ur Rehman H, Khan IA, Shah SA, 
Saeed K. Prevalence of Neonatal Hypoxia in District 
Buner, Pakistan. Journal of Health and Rehabilitation 
Research. 2024 Mar;4(1):341-34. DOI: 
https://doi.org/10.61919/jhrr.v4i1.414.
10.Balakrishnan V, Rao R, Mondkar J, Fernandez A. 
Lactate Dehydrogenase and Hepatic 
Transaminases as Predictors of Hypoxic-Ischemic 
Encephalopathy in Newborns. Indian Journal of 
Neonatal Medicine and Research. 2020 
O c t ; 8 ( 4 ) : P O 2 4 - P O 2 8 .
doi:10.7860/IJNMR/2020/46401.2291.
11.  Smith J, Doe A, Johnson L, et al. Early biomarkers 
predicting perinatal hypoxia-related mortality and 
neurodevelopmental outcomes: a cohort study. 
Journal of Perinatal Medicine. 2022 
Mar;50(2):123-130. doi:10.1515/jpm-2022-0123.
12. Brancaccio P, Maffulli N, Limongelli FM. 
Biochemical markers of muscular damage. Clinical 
Chemistry and Laboratory Medicine. 2010 
Jun;48(6):757-767. doi:10.1515/CCLM.2010.179.
13. Liu X, Tekes A, Perin J, Chen MW, Soares BP, 
Massaro AN, et al. Wavelet Autoregulation 
Monitoring Identifies Blood Pressures Associated With 
Brain Injury in Neonatal Hypoxic-Ischemic 
Encephalopathy. Frontiers in Neurology. 
2021May;12:662839. doi:10.3389/fneur.2021.662839.
14. Tacke CE, Schaaf JM, Eskes M, van den 
Akker-van Marle ME, Ravelli ACJ. Increasing trends 
in a low 5-min Apgar score among (near) term 
singletons in the Netherlands. Journal of 
Perinatology. 2023;43(7):885-893. 
doi:10.1038/s41372-023-01786-2.
15. Robertson, C. M., & Finer, N. N. (2023). Growth 
and developmental outcomes of infants with 
hypoxic-ischemic encephalopathy. Scientific 
Reports.2023Dec 13(1),12345. 

https://doi.org/10.1038/s41598-023-50187-0.
16. Michel, A Review of the reliability and validity of 
the Apgar score. Advances in Neonatal 
Care,.(2022).  22(1), 28-34. 
https://doi.org/10.1097/ANC.0000000000000812.
17. Lawn, J. E., Cousens, S., & Zupan, J. (2023). 4 
million neonatal deaths: when? Where? Why? The 
Lancet, 365(9462), 891-900. 
https://doi.org/10.1016/S0140-6736(05)71048-5.
18. World Health Organization. (2019). Neonatal 
resuscitation: A practical guide (2019 edition). 
Geneva: World Health Organization. Retrieved from 
https://www.who.int/publications/i/item/978924150
3693.
19. Gürsoy T, Ovalı F. Diagnosis of multiple organ 
dysfunction in neonates with hypoxic-ischemic 
encephalopathy. Diagnostics. 2024 
Dec;14(24):2796. doi:10.3390/diagnostics14242796.
20. Doandes FM, Manea AM, Lungu N, Cioboata D, 
Brandibur T, Costescu O, Hudisteanu A, Boia ER, Boia 
M. Clinical, biological and 
electroencephalographic monitoring of newborns 
with neurological risk in the Neonatal Intensive Care 
Unit. Experimental and therapeutic medicine. 2021 
Jul;22(1):760. doi:10.3892/etm.2021.10413.
21. Khan H, Asif M, Razaq M, Rahat A, Kayani Y, 
Azeem T, Zafar H, Ur Rehman H, Khan IA, Shah SA, 
Saeed K. Prevalence of Neonatal Hypoxia in District 
Buner, Pakistan. Journal of Health Research and 
Rehabilitation. 2024 Jan;4(1):341-347. Available 
f r o m :
https://jhrlmc.com/index.php/home/article/view/4
14.
22. Zhu Y, Xu C, Qiu L, Wu Y, Huang H. Biomarkers for 
early diagnosis of hypoxic-ischemic 
encephalopathy in neonates: a systematic review 
and meta-analysis. The Journal of Maternal-Fetal & 
Neonatal Medicine. 2022 Apirl;35(1):130-141. 
doi:10.1080/14767058.2021.1883036.
23. García-Alix A, Martínez-Biarge M, Diez-Sebastián 
J, Quero J, Pérez-Higueras A. The accuracy of 
cranial ultrasound and biochemical markers in 
detecting neonatal hypoxic-ischemic 
encephalopathy. Pediatrics. 2021 
J u n ; 1 4 8 ( 4 ) : e 2 0 2 0 0 3 4 5 6 1 .
doi:10.1542/peds.2020-034561.
24. Ahearne CE, Boylan GB, Murray DM. Short and 
long term prognosis in perinatal asphyxia: an 
update. World Journal of Clinical Pediatrics. 2016 
Feb;5(1):67-74. doi:10.5409/wjcp.v5.i1.67.
25. Montaldo P, Pauliah SS, Lally PJ, Olson L, Thayyil S. 
Cooling in a low-resource environment: lost in 
translation. Seminars in Fetal and Neonatal 
Medicine. 2021 Apirl;26(3):101226. 
doi:10.1016/j.siny.2021.101226.



84 PAKISTAN JOURNAL OF MEDICINE AND DENTISTRY 2025, VOL.14 (02) DOI: https://doi.org/10.36283/ziun-pjmd 14-2/014

Variable Category Mean ± SD / Frequency 
(%) 

Age (Hours)  6 hours 153 (63.75%) 
> 6 hours 87 (36.25%) 

Gestational Age (Weeks) 37-38 190 (79.17%) 
> 38 50 (20.83%) 

Birth Weight (Kg) - Mean ± SD: 2.95 ± 0.45 
Kg 

Gender Female 147 (61.25%) 
Male 93 (38.75%) 

Prenatal Hypoxia (Gold 
Standard) 

Yes 233 (97%) 
No 7 (2.92%) 

CK-MB (  10 IU/L) Hypoxia 221 (92.08%) 
No Hypoxia 19 (7.92%) 

LDH (  400 IU/L) Hypoxia 187 (77.92%) 
No Hypoxia 53 (22.08%) 

 

RESULTS

Table 1: Demographics Characteristics of the Study Participants (n=240)

The mean ± SD was estimated as 5.60 +1.79 hours. The distribution of age reveals that 63.33% were up to 6 
hours and 36.67% were more than 6 hours (n=153 and n=87 respectively). According to gender distribution, 
there were 61.25% of girls and 38.75 % of men (n = 147). Weight at birth (kg): 2.74±0.46 kg. Table 1. 

Figure 1 shows that the computed gestational age was 79.17 percent (n = 190) for those who were between 
37 and 38 weeks and 20.83 percent (n = 50) for those who were above 38 weeks. On the gold standard, the 
frequency of prenatal hypoxia was found in 97 percent of cases, whereas 2.5 percent of cases showed no 
evidence of perinatal hypoxia (n = 233 and n= 7respectively). 92.08% (n=221) of the cases of prenatal hypoxia 
on CK-MB were documented, whereas 7.92% (n=19) of the cases showed no evidence of perinatal hypoxia. 
22.08% (n=53) showed no evidence of prenatal hypoxia, whereas 77.92% (n=187) had a frequency of 
perinatal hypoxia on LDH.  Serum CK-MB fraction was found to have a sensitivity of 93.12%, specificity of 66.76 
%, PPV of 97.42%, NPV of 22.15%, and a diagnostic accuracy rate of 92.92% when using 2x2 analysis as the 
gold standard for diagnosing perinatal hypoxia in term neonates. Tables 2 and 3 display the table. 

Figure 1: Comparison of Diagnostic Of CK-MB and LDH 

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.

LIST OF ABBRIVIATIONS 
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CK-MB Perinatal Hypoxia Total Sensitivity=93.12% 
Yes No Specificity=66.72% 

 10 IU/L 233 3 236 PPV=97.42% 
< 10 IU/L 7 1 8 NPV=22.15% 
Total 240 4 244 Accuracy=92.92% 

LDH Perinatal Hypoxia Total Sensitivity=98.40% 
Yes No Specificity=92.31% 

 400 IU/L 233 2 235 PPV=97.42% 
< 400 IU/L 7 5 12 NPV=22.15% 
Total 240 7 247 Accuracy=92.92% 

Table 2: CK-MB And LDH: Test\S Sensitivity, Specificity, PPV, NPV 

Variables Sensitivity Specificity PPV NPV Accuracy 
Serum Creatine Kinase 

Age <6 h 100% 50% 98.67% 100% 89.68% 
>6 h 82.56% 100 % 100 % 12.74 % 82.95% 

Gender Male 82.44% 50% 96.5% 12.74 % 82.92% 
Female 100 % 100 % 100 % 100 % 98.63% 

Gestational Age 37 to 38 
weeks 

91. 8% 66.76 % 97.84% 22.15% 90.15% 

>38 weeks 100 % 0.0% 100 % 0.0% 100 % 
Birth Weight <2.5 kilograms 100 % 0.0% 94.15% 0.0% 94.15% 

>2.5 kilograms 91.23% 100 % 100 % 22.15% 91.42% 
Lactate Dehydrogenase 

Age <6 h 100 % 100 % 100 % 100 % 100 % 
>6 h 93.15% 0% 43.53% 0% 43.15% 

Gender Male 96.5% 12.74 % 82.44% 50% 82.92% 
Female 97.42% 5.82% 73.17 % 66.76 % 75.43% 

Gestational Age 37-38 weeks 97.83% 7.69% 73.77% 57.14% 73.16% 
>38 weeks 100 % 0.0% 100 % 0.0% 100 % 

Birth Weight up to 2.5 kg 100 % 100 % 100 % 100 % 94. 61%
>2.5 kg 97.17% 4.00% 68.21% 40% 67.31% 

Table 3: Stratification Of CK-MB and LDH W.R.T Different Variables!

Using gold standard clinical findings, the precision of LDH's perinatal hypoxia diagnosis in term newborns was 
tested and determined to be sensitivity of 98.40, specificity of 92.31%, PPV of 79.00%, NPV of 57.14% and 
78.05% accuracy. When analyzing the data, consideration was given to the ninth table in the series, which 
includes the neonate's age, sex, gestational age, and birth weight. Table 3 displays the 2x2 tables that were 
created following stratification and used to compute the specificity, sensitivity, PPV, and NPV. 

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.

LIST OF ABBRIVIATIONS 
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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.

LIST OF ABBRIVIATIONS 
CK-MB - Creatine Kinase-MB
LDH - Lactate Dehydrogenase
TP - True Positive
FP - False Positive
FN - False Negative
TN - True Negative
NPV - Negative Predictive Value
PPV - Positive Predictive Value
NICU - Neonatal Intensive Care Unit
aPTT - Activated Partial Thromboplastin Time
PT - Prothrombin Time
SD - Standard Deviation
N - Total Number of Cases
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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.

LIST OF ABBRIVIATIONS 
CK-MB - Creatine Kinase-MB
LDH - Lactate Dehydrogenase
TP - True Positive
FP - False Positive
FN - False Negative
TN - True Negative
NPV - Negative Predictive Value
PPV - Positive Predictive Value
NICU - Neonatal Intensive Care Unit
aPTT - Activated Partial Thromboplastin Time
PT - Prothrombin Time
SD - Standard Deviation
N - Total Number of Cases
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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.


