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ORIGINAL ARTICLE

Moustafa R. Abo Elsoud1, Taha I. Hewala2

1Departments of Experimental and Clinical Surgery, 
2Department of Radiation Sciences, Medical Research Institute, Alexandria University, Egypt

The clinical significance of serum 
oxidative stress biomarkers in breast 
cancer females

ABSTRACT
Background: This study was conducted to evaluate the role of some serum oxidative stress biomarkers 

for breast cancer diagnosis, incidence and monitoring the effects of surgery and chemotherapy. 

Methods: A total of 35 breast cancer patients (before surgery, after two weeks of surgery and after 6 cy-

cles of chemotherapy) and 35 normal healthy controls were analyzed for serum oxidative stress markers 

including total antioxidant capacity (TAC), malondialdehyde (MDA), total, reduced (GSH) and oxidized 

(GSSG) glutathione and glutathione redox status (GSH/GSSG). 

Results: The serum levels of MDA and GSSG were significantly higher in breast cancer patients than 

controls. The serum levels of GSH, TAC and GSH/GSSG ratio were significantly lower in breast cancer 

patients than controls. After surgery, the serum levels of MDA and GSSG were significantly decreased, 

while the serum levels of GSH were significantly increased, compared with their levels before surgery. Six 

cycles of chemotherapy showed the non-significant effect on the serum levels of the assayed biomarkers. 

ROC curve analysis demonstrated that MDA and GSH were superior to the GSH/GSSG ratio, TAC and 

GSSG. Increased levels of MDA and GSSG and reduced levels of GSH, TAC and GSH/GSSG ratio were 

found to significantly increase the risk of breast cancer. 

Conclusions: All of the assayed biomarkers can be used for prediction of breast cancer with MDA and 

GSH being superior to the others. MDA, GSH and GSSG were able to monitor the effect of surgery. All 

of the assayed biomarkers were found to be associated with breast cancer risk. None of the assayed 

biomarkers was able to predict the effect of chemotherapy. 
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Introduction 

Reactive oxygen species (ROS) such as superoxide 
radical, hydroxyl radical, and hydrogen peroxide are 
metabolic by-products leaking from the complexes I and 
III of the mitochondrial respiratory chain [1]. Oxidative 
stress is considered to be involved in the pathophysiol-
ogy of all cancers including breast cancer [2, 3].

Breast cancer cells are subjected to a high level 
of oxidative stress, both intracellular and extracellular. 
To ensure survival, cancer cells must acquire special 
adaptive mechanisms that counteract the toxic effects 
of free radicals exposure. These mechanisms may 
involve the activation of redox-sensitive transcription 
factors and the increased expression of antioxidant 
enzymes and antiapoptotic proteins. Moreover, it was 
revealed that different breast cancer cell types show 
different intracellular antioxidant capacities that may 

determine their ability to resist radiotherapy and che-
motherapy [4]. 

The involvement of oxidative stress in breast car-
cinogenesis has not been extensively documented 
[5]. Panis et al. [6] reported that although a growing 
number of studies have focused on the relationship 
between breast cancer and oxidative stress, none of 
the previous reports determined the impact of the sys-
temic oxidative stress status on patients with primary 
breast tumours, as well as if its removal could change 
the oxidative profiling of plasma. 

One of the possible clinical applications of oxidative 
stress status in cancer is the use of oxidative stress 
markers as tumour markers [7]. The current study ex-
amined the extent of lipid peroxidation, total antioxidant 
capacity and the status of glutathione in serum of breast 
cancer patients to investigate the role of these biomark-
ers in the etiology, prediction, risk and monitoring the 

http://topics.sciencedirect.com/topics/page/Antioxidants
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effects of surgery and chemotherapy on breast cancer 
patients in an attempt to improve the clinical outcome 
of those patients. 

Subjects and methods

Seventy females were enrolled in this case-control 
study. Females were divided into two groups. Group 
I (breast cancer patients group) which included 35 fe-
male patients with breast invasive ductal carcinoma 
of clinical stages II and III [8] (recently detected, not 
underwent surgery or receiving chemotherapy). Their 
mean age was 43.73 ± 12.2 years. Patients were recruit-
ed from the Department of Experimental and Clinical 
Surgery of the Medical Research Institute, Alexandria 
University, Egypt in the period from January 2018 till 
June 2018. Group II (normal healthy control group): 
It included 35 apparently normal healthy female volun-
teers of comparable age (42.18 ± 11.05), menstrual 
cycle and socioeconomic status as patients.

After having approval from the ethics committee, 
Medical Research Institute, Alexandria University, 
Egypt, signed informed consents were obtained from 
all subjects who agreed to participate in this study. 
Each patient underwent full history recording, thorough 
clinical examination, routine laboratory investigations 
including complete blood count (CBC), mammography 
of breast and ultrasonography of abdomen and liver, 
radiological investigations including X-ray chest, CT 
scan and bone scan when needed and fine needle 
aspiration cytology (FNAC) of breast mass to establish 
the pathological diagnosis in the patients. 

The clinicopathologic data were obtained from 
patients’ pathology reports. The collected data includ-
ed tumour size, tumour pathological grade, axillary 
lymph node involvement, vascular invasion and status 
of estrogen receptor (ER) and progesterone receptor 
(PR). Each breast cancer patient’s clinical stage was 
determined by the oncologist according to the tu-
mour-nodes-metastasis (TNM) classification system [8]. 

All 35 breast cancer patients were subjected to 
modified radical mastectomy (MRM) surgery [9]. The 
patients received adjuvant combination chemotherapy 
[5-Fluorouracil, Adriamycin and Cyclophosphamide 
(FAC)] [10] for 6 cycles. After 6 cycles of chemothera-
py, breast cancer patients were re-evaluated clinically, 
laboratory and radiologically to evaluate the clinical 
response. 

Laboratory Investigations

Five-milliliter blood sample was collected once 
from normal healthy female volunteers and from breast 
cancer patients before surgery, after 2 weeks of surgery 
and after 6 cycles of chemotherapy. Immediately after 

withdrawing, blood samples were allowed to coagu-
late and centrifuged for 20 minutes at 3500 rpm. The 
separated serum samples were aliquoted, frozen at 
-80 °C, and stored until assayed. After thawing, each 
serum aliquot was assayed only once. Determination 
of serum levels of MDA, total antioxidant capacity, total 
and reduced forms of glutathione were carried out at 
Radiation Sciences Department, Medical Research 
Institute, Alexandria University, Egypt. While the serum 
levels of oxidized glutathione and glutathione redox 
status were estimated mathematically.

Determination of serum malondialdehyde 
concentration

Malondialdehyde (MDA) is the end product of lipid 
peroxidation. MDA was assayed using a ready-for-use 
colourimetric kit (Biodiagnostic, Egypt). MDA was 
quantified by its reaction with the exogenously added 
thiobarbituric acid (TBA) that reacts with MDA in acidic 
medium at a temperature of 95°C for 30 min to form 
thiobarbituric acid (TBA) reactive product. The absor-
bance of the resultant pink product was measured at 
534 nm. The absorbance of each serum sample was 
read against a blank (which contained only TBA) and 
a standard (which contained MDA of conc. 10 nmo-
le/ml). In each serum sample, the concentration of MDA 
was calculated according to the equation:

MDA (nmole/ml) = (Abs of serum/ 
/Abs of standard)*10

Determination of serum total antioxidant capacity

The degree of oxidative stress was assessed by de-
termining total antioxidant activity using a ready-for-use 
colourimetric kit (Biodiagnostic, Egypt). The principle of 
the method depends on the reaction of antioxidants in 
the sample with a defined amount of exogenously added 
H2O2. The antioxidants in the sample eliminate a certain 
amount of the added hydrogen peroxide. The residual 
H2O2 is determined colourimetrically by an enzymatic reac-
tion involving the conversion of the exogenously added 3, 
5, dichloro-2-hydroxyl benzenesulfonate to a pink coloured 
product. The absorbance of each sample was read at 
505 nm against a blank in which the sample was replaced 
with distilled water. In each sample, the total antioxidant 
concentration was calculated according to the equation: 

Total antioxidant concentration (mM/L)  
= (Abs of blank-Abs of sample)*3.33

Determination of serum levels of total glutathione

The enzymatic method described by Griffith [11] 

was used to measure the levels of total glutathione. 
This is a sensitive and specific enzymatic method which 
depends on the oxidation of reduced glutathione (GSH) 
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by 5,5-dithiobis-2-nitrobenzoic acid (DTNB) to yield 
oxidized glutathione (GSSG) and 5-thio-2-nitrobenzoic 
acid (TNB). Oxidized GSSG is reduced enzymatically 
by the action of glutathione reductase and NADPH to 
regenerate GSH which reacts again. The rate of TNB 
formation is monitored at 340 nm and is proportional 
to the sum of GSH and GSSG present in the sample.

Total glutathione (U/L) = 4019 x D 340 nm/min

Determination of serum levels of reduced 
glutathione (GSH)

The level of reduced glutathione in serum was 
assessed using a ready-for-use colourimetric kit (Biodi-
agnostic, Egypt). The method is based on the reduction 
of 5,5` dithiobis -2-nitrobenzoic acid (DTNB ) by glutathi-
one (GSH) to produce a yellow compound. The reduced 
chromogen directly proportional to GSH concentration 
and its absorbance can be measured at 405 nm. 

Serum level of GSH(mg/dl)  
= (A"sample" )*66.66

Estimation of serum levels of oxidized glutathione 
(GSSG):

Oxidized glutathione (GSSG) was obtained by 
subtracting the values of reduced glutathione (GSH) 

from the values of total glutathione (tGSH) [12].
GSSG = tGSH — GSH

Estimation of serum glutathione redox status 
(GSH/GSSG)

The most widely used indicator of the glutathione 
redox status (GSH/GSSG) of the cells is according to 
Kirlin et al. [13]: 

Redox Status = (Serum level of GSH)/ 
/(Serum level of GSSG)

Where [GSH] and [GSSG] are molar concentration 
of reduced and oxidized glutathione; respectively.

Statistical Analysis

The statistical analyses were carried out using the 
Predictive Analytics software (PASW statistics 18). The 
Non-parametric Mann-Whitney U-test was used for 
studying differences between breast cancer patients 
group and control group regarding serum levels of total 
antioxidant capacity (TAC), malondialdehyde (MDA), 
total, reduced (GSH) and oxidized (GSSG) glutathione 
and glutathione redox status (GSH/GSSG). The diag-
nostic values of assayed parameters were compared 
using the Receiver Operating Characteristic (ROC) 
curve analysis. The cut-off point for each biomarker 
was determined according to the best discrimination 
between patients and controls regarding optimal val-
ues of sensitivity and specificity using the ROC curve. 
Spearman correlation was carried out to explore the 
possible correlation between different biomarkers and 
clinicopathological data. Odd’s ratio with a 95% confi-
dence interval (95% CI) was calculated using the same 
program. P-values < 0.05 were accepted as significant.

Results

Serum levels of oxidative stress biomarkers in the 
controls and breast cancer patients before surgery, 
after two weeks of surgery and after 6 cycles of che-
motherapy.

Table 1 showed oxidative stress biomarkers in se-
rum of normal healthy control females and breast cancer 
females before surgery, after two weeks of surgery 
and after six cycles of chemotherapy. Serum levels of 
MDA and GSSG were significantly elevated in breast 
cancer patients group before surgery compared with 

Table 1. Serum levels (Mean ± SE) of oxidative stress biomarkers in the controls and breast cancer patients before 
surgery, after 2weeks of surgery and after 6 cycles of chemotherapy

Serum biomarkers Control group
(n = 35)

Breast cancer patients group
(n = 35)

BS 2 W 6 C

MDA
(nmole/ml)

11.10 ± 0.44 20.01 ± 0.37a 12.27 ± 0.29b 13.56 ± 0.33

TAC (mM/l) 1.26 ± 0.49 0.78 ± 0.46 a 0.90 ± 0.40 a 0.83 ± 0.38 a

GSSG(mg/dl) 9.23 ± 0.21 10.39 ± 2.22 a 9.64 ± 2.91 b 10.29 ± 2.98

GSH (mg/dl) 21.71 ± 1.07 15.85 ± 1.08 a 17.14 ± 2.13 a,b 13.61 ± 4.01 a

Glutathione Redox status 
(GSH/GSSG)

2.38 ± 0.47 1.84 ± 0.14 a 1.57 ± 0.16 a 1.54 ± 0.13 a

N — sample size; BS — before surgery; 2W — after two weeks of surgery; 6C — after six cycles of chemotherapy; a — significance compared 
with control group; b — significance compared with breast cancer group before surgery; c — significance compared with breast cancer group 
after two weeks of surgery; significance was considered at p-value < 0.05.

http://topics.sciencedirect.com/topics/page/Antioxidants
http://topics.sciencedirect.com/topics/page/Oxidative_stress
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Figure 1. The ROC curve analysis of the assayed biomarkers for prediction of breast cancer

Table 2. The ROC curve-based characteristics for assayed serum markers in breast cancer patients before surgery

Variables The area under 
the curve (%)

P-value Cut-off value Sensitivity
%

Specificity
%

MDA
(nmol/ml)

96.0 0.001* 13.81 90 80

TAC
(mM/l)

76.9 0.005* 0.90 85.7 57.7

GSSG
(mg/ml)

70.5 0.035* 9.9 84.6 80.6

GSH
(mg/ml)

92.9 0.000* 17.30 92.9 100

Glutathione Redox 
status GSH/GSSG))

82.1 0.001* 1.70 92.9 76.9

*Significance was considered at p-value < 0.05.

the control group. The serum levels of MDA and GSSG 
were significantly decreased in breast cancer patients 
group after two weeks of surgery compared with their 
levels before surgery. A non-significant difference was 
found in serum levels of MDA and GSSG after 6 cycles 
of chemotherapy compared with their levels after two 
weeks of surgery. 

Table 1 also showed that serum levels of TAC, 
GSH and glutathione redox status (GSH/GSSG) were 
significantly decreased in breast cancer females before 
surgery compared with the control group. The serum 
levels of reduced glutathione in breast cancer patients 
group after two weeks of surgery were significantly 
elevated compared with their levels before surgery. 
After six cycles of chemotherapy, none of these bio-
markers significantly differed from its level after two 
weeks of surgery.

Comparison between serum levels 
of oxidative stress biomarkers as 
diagnostic markers in breast cancer 
patients using the Receiver Operating 
Characteristic (ROC) curve analysis

As shown in Table 2 and Figure 1, the ROC curve 
analysis was used in the present study to compare the 
diagnostic values of serum oxidative stress biomarkers 
depending on the area under the ROC curve (AUC). 
The higher AUC corresponds to a better diagnostic 
test. Serum levels of MDA showed a significant AUC 
(96%),(p = 0.001), with sensitivity (90%) and specificity 
(80%) at a cut-off value (13.81 nmol/ml). Serum levels of 
TAC showed a significant AUC (76.9%),(p = 0.005), with 
sensitivity (85.7%) and specificity (57.7%) at a cut-off 
value (0.90 mM/L). Serum levels of oxidized glutathi-
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Table 3. The association of serum assayed biomarkers with the risk of breast cancer incidence

Assayed Biomarker breast cancer 
group

(n = 35)

control group
(n = 35)

Odds ratio 
(OR)

95% CI p-value

MDA
(nmole/ml)

 < 13.81 ® 13 30 10.15 1.69–11.06 P = 0.002 *

≥ 13.81 22 5

TAC
(mM/l)

 ≥ 0.9 ® 5 20 8.00 2.51–25.51 P = 0.0004*

< 0.9 30 15

GSSG
(mg/ml)

< 9.9® 5 28 24 6.82–84.43 P = 0.0011*

≥ 9.9 30 7

GSH
(mg/ml)

≥ 17.30® 0 27 22.97 12.70–41.55 P = 0.0002*

< 17.30 35 8

Glutathione redox status 
(GSH/GSSG)

≥ 1.70 ® 2 32 17.60 7.56–23.11 P = 0.0001*

< 1.70 33 3

n — Sample size; ® — reference group; CI — Confidence interval;* — Significance was considered at P-value < 0.05

one showed a significant AUC (70.5),(p = 0.035), with 
sensitivity (84.6%) and specificity (80.6%) at a cut-off 
value (9.9 mg/dl). Serum levels of reduced glutathione 
showed a significant AUC (92.9),(p = 0.000), with 
sensitivity (92.9%) and specificity (100%) at a cut-off 
value (17.3 mg/dl). Serum levels of glutathione redox 
status (GSH/GSSG) showed a significant AUC (82.1), 
(p = 0.001), with sensitivity (92.9%) and specificity 
(76.9%) at a cut-off value (1.70). 

The association of serum levels of 
oxidative stress biomarkers with the 
risk of breast cancer incidence

The values of odds ratio and confidence interval at 
certain cut-off values for serum levels of oxidative stress 
biomarkers were shown in Table 3.

Correlation of serum levels of oxidative 
stress biomarkers with breast cancer 
clinicopathological data 

The results of the current study showed that none 
of the assayed biomarkers had a significant correlation 
with anyone of breast cancer clinicopathological fea-
tures.

Discussion

Oxygen-free radicals (OFR), generated by a number 
of processes in vivo, are highly reactive and toxic [14]. 
However, biological systems have evolved an array 
of enzymatic and non-enzymatic antioxidant defence 

mechanisms to combat the deleterious effects of OFR. 
Reduced glutathione (GSH), in conjunction with gluta-
thione peroxidase (GPx) and glutathione S-transferase 
(GST), plays a central role in the defence against free 
radicals, peroxides and a wide range of xenobiotics and 
carcinogens [15, 16]. 

Oxidative stress arises when there is an imbalance 
between OFR formation and scavenging by antioxi-
dants. Excessive production of OFR can cause oxidative 
damage to biomolecules resulting in lipid peroxidation, 
mutagenesis and carcinogenesis. OFR-induced lipid 
peroxidation has been implicated in neoplastic trans-
formation. Damage to the breast epithelium by OFR can 
lead to fibroblast proliferation, epithelial hyperplasia, 
cellular atypia and breast cancer [17]. 

In the current study, the serum levels of MDA were 
found to be significantly elevated in breast cancer pa-
tients than controls. As MDA is considered a marker for 
lipid peroxidation, this means that lipid peroxidation may 
play a role in breast carcinogenesis. Our results were 
in agreement with Rajneesh et al.,2008 [17].

Regarding the effect of MRM on the serum levels of 
MDA, the current study revealed significantly decreased 
levels of MDA after two weeks of surgery compared 
with its levels before surgery; this means that serum 
MDA can be used as an indicator for the effect of MRM 
on breast cancer patients. With respect to the effect of 
chemotherapy on the serum levels of MDA, our results 
showed a non-significant increase in serum MDA levels 
after 6 cycles of adjuvant combination chemotherapy 
compared with its levels after 2 weeks of surgery. 

Total antioxidant capacity (TAC) measures the per-
oxyl-scavenging capacity of the extracellular antioxidant 
system that is comprised of sulphydryl groups, urate, 
ascorbate, carotenoids, retinol, a-tocopherol, bilirubin 
and proteins. TAC reflects residual antioxidant capacity 
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after the consumption of reactive oxygen species [18, 
19]. In the current study, the serum levels of TAC were 
found to be significantly reduced in breast cancer patients 
before surgery than controls, this means that TAC may 
have a protective role against breast carcinogenesis. Our 
results supported those of Mahmood et al., 2009 [20] 
On the other hand, neither MRM nor chemotherapy has 
a significant effect on the serum levels of TAC.

Regarding the serum levels of GSH, the results of 
the current study showed significantly declined levels 
of GSH in breast cancer patients compared with normal 
healthy controls. This means that serum GSH can be 
used to differentiate breast cancer patients from con-
trols. The results of the current study were in agreement 
with the findings of Yeh et al. [21] who reported that the 
levels of GSH were significantly decreased in the blood 
of breast cancer patients compared with controls. Yeh 
et al. [21] suggested that this could be due to both the 
increased GSH detoxification capacities, which can 
lead to GSH depletion within the red blood cells, and 
lower efficacy in the reduction of GSSG to GSH. These 
findings support the idea of the protective role of GSH 
against reactive oxygen species-mediated oxidative 
stress in cancer patients. At the same time, Yeh et al. 
[21] proposed that GSH should be regarded as an 
important biomarker for detecting breast malignancy.

With respect to the effect of surgery on serum levels 
of GSH, the results of the current study showed that 
the serum levels of GSH were significantly increased 
in breast cancer patients after two weeks of MRM com-
pared with their levels before surgery. This means that 
the serum levels of GSH can be used to monitor the 
effect of MRM on breast cancer patients. The findings of 
the current study can be explained according to Navarro 
et al. [22] who suggested that the tumour mass acts as 
a source for peroxides that reacts with and consume 
GSH leading to depletion of GSH. On this base, removal 
of the tumour decreases these peroxides resulting in an 
increase in GSH content which is in agreement with the 
results of the current study. With reference to the effect 
of six cycles of chemotherapy, the results of the current 
study showed a non-significant effect of chemotherapy 
on the serum levels of GSH compared with their levels 
after two weeks of MRM. This means that GSH cannot 
be used to monitor the response of breast cancer pa-
tients to chemotherapy.

Regarding the serum levels of GSSG and the glu-
tathione redox status (GSH/GSSG), the results of the 
current study indicated significantly elevated levels of 
GSSG and significantly decreased levels of glutathione 
redox status (GSH/GSSG) in the serum of breast cancer 
patients than controls. These findings were in accor-
dance with the results of Navarro et al. [22] who reported 
significantly higher levels of GSSG and decreased lev-
els of glutathione redox status (GSH/GSSG) in breast 

cancer patients compared with controls. In their study, 
Navarro et al. [22] postulated that during cancer growth, 
the glutathione redox status (GSH/GSSG) decreases 
in the blood due to an increase in GSSG levels. Two 
reasons may explain the increase in blood GSSG: (a) 
the increase in peroxide production by the tumour that 
can lead to GSH oxidation within the red blood cells; 
and (b) an increase of GSSG release from different 
tissues into the blood.

With respect to the effect of surgery on the se-
rum levels of GSSG and glutathione redox status 
(GSH/GSSG), the results of the current study showed 
that the serum levels of GSSG were significantly de-
creased, with no significant effect on glutathione redox 
status (GSH/GSSG), in breast cancer patients after 
two weeks of MRM compared with their levels before 
surgery. This means that the serum levels of GSSG 
can be used to monitor the effect of MRM on breast 
cancer patients. The findings of the current study can 
be also explained according to Navarro et al. [22] who 
suggested that the tumour mass acts as a source for 
peroxides that reacts with GSH resulting in the for-
mation of GSSG. When the tumour mass is removed 
the amount of these peroxides decreases resulting in 
a decrease in the amount of GSSG formed due to the 
detoxification reaction. With reference to the effect of 
six cycles of chemotherapy, the results of the current 
study showed non-significant effects of chemotherapy 
on the serum levels of GSSG and glutathione redox 
status (GSH/GSSG) compared with their levels after 
two weeks of MRM. This means that none of these 
biomarkers can be used to monitor the response of 
breast cancer patients to chemotherapy.

The significant elevation in the serum levels of 
MDA and GSSG and the significant decline in the 
serum level of TAC, GSH and glutathione redox status 
(GSH/GSSG) in breast cancer patients before surgery 
compared to normal controls suggested the possibility 
of using anyone of these biomarkers for prediction of 
breast cancer to differentiate the breast cancer patient 
from the normal healthy controls. This directed us to 
compare the diagnostic accuracy of these biomarkers 
to determine which of them has the highest and the 
lowest diagnostic value. This comparison was carried 
out using the ROC curve analysis in such a way that the 
greater area under the ROC curve corresponds to a bet-
ter diagnostic test. Serum levels of MDA showed the 
greatest significant area under the curve (96%) followed 
by GSH (92.9%), glutathione redox status (GSH/GSSG) 
(82.1%), TAC (76.9%) then GSSG (70.5%). These re-
sults suggested that serum levels of MDA are superior 
to GSH, GSH/GSSG, TAC and GSSG for diagnosis 
of breast cancer patients. The results of the current 
study supported those reported by Pande et al. [23] 
who found that the diagnostic accuracy of serum MDA 
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was superior to TAC for distinguishing breast cancer 
patients from controls

Regarding the association of the assayed biomark-
ers with the risk of breast carcinogenesis, the results 
of the current study illustrated that increased levels of 
serum MDA and GSSG and decreased levels of TAC, 
GSH and glutathione redox status can significantly 
potentiate breast cells for malignancy. Pande at al., 
2012 [23].

From the current study, it could be concluded that 
all of the assayed biomarkers have a diagnostic role in 
breast cancer patients with MDA and GSH being supe-
rior to the other biomarkers for discrimination of breast 
cancer patients from controls. Serum levels of MDA, 
GSH and GSSG were good indicators for monitoring 
the effect of surgery. All the assayed biomarkers were 
found to be associated with breast cancer risk. None 
of the assayed biomarkers could predict the effect of 
chemotherapy. 
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Long-term survival in patients with 
NSCLC treated with single-fraction vs. 
multi-fraction palliative radiotherapy 
in the case of lung tumour, brain 
metastases and bone metastases 

ABSTRACT
Background: Patients with advanced non-small cell lung cancer (NSCLC) are candidates for different types 

of treatment, including chemotherapy and radiotherapy or supportive care. Despite the fatal prognosis 

in advanced disease, many experienced radiation oncologists will apply radiation at low doses with the 

intention of palliative care. 

Methods: We used an extensive database of medical patients diagnosed with NSCLC, treated with palliative 

radiotherapy at the Oncology Centre in Bydgoszcz, from June 1998 to December 2013. A group of 3202 

patients was divided into subgroups: Group A)1762 patients irradiated on the lung tumor (without distant 

metastases): Total dose: A1) 6Gy/1 fr. (n = 19); A2) 8Gy/1fr. (n = 276); A3) 20Gy/5fr. (n = 1349); A4) 

30Gy/10fr.(n = 118). Group B) 548 patients irradiated on the central nervous system (CNS) metastases: 

B1) 20Gy/5fr. (n = 476); B2) 30Gy/10fr. (n = 72). Group C) 892 patients irradiated on the bone metastases: 

C1) 8Gy/1fr. (n = 452); C2) 10Gy/1fr. (n = 30); C3) 20Gy/5fr. (n = 341); C4) 30Gy/10fr. (n = 69). 

Results: Patients with irradiation of a lung tumour: The longest OS was observed in the group of patients 

irradiated with doses of 20 Gy (76%) and 30 Gy (7%). Patients with irradiation of bone metastases: No 

significant differences in OS were observed between the employed fractionation regimens. Patients with 

irradiation of CNS metastases: The choice of a higher dose of radiation therapy did not demonstrate 

differences in median OS values compared to a lower dose. 

Conclusions: The patients who were prescribed single fraction palliative radiotherapy did not have poorer 

prognoses or experience shorter survival than patients who were prescribed multi-fraction pRT in the case 

of lung tumour, brain metastases and bone metastases.
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INTRODUCTION 

Non-small cell lung carcinoma (NSCLC) represents 
approx. 85% of cases of lung cancer, with more than half 
of the patients having distant metastases at diagnosis 
[1]. Patients with advanced NSCLC are candidates 
for various therapies, including chemotherapy [2–3], 
radiation therapy [4–5] and life-supporting therapy [6]. 
Despite the fatal prognosis in advanced disease, many 

experienced oncologists will apply low-dose radiation 
therapy with palliative intent. The choice of an effective 
radiation dose that will not cause significant complica-
tions remains discussible. 

In our study, we conducted a retrospective analysis of 
the effectiveness of palliative radiation therapy in 3202 pa-
tients with advanced NSCLC using different methods of 
radiation dose fractionation depending on the location of 
lesions (lung tumour, bone metastases, CNS metastases).

mailto:roszkowskik@cm.umk.pl
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Material and methods

Patient database

An extensive medical database of patients treated 
at the Oncology Center in Bydgoszcz, Poland, was em-
ployed. The analysis included patients diagnosed with 
advanced NSCLC with no prior surgical intervention, 
treated with palliative radiation therapy between June 
1998 and December 2013. 

A group of 3202 patients was divided into three sub-
groups:
A)	 1762 patients subjected to primary irradiation of 

a lung tumour (with no distant metastases revealed 
in imaging) 

A-1)	within this group, 658 patients received chemo-
therapy after radiation therapy 

B)	 548 patients subjected to primary irradiation of 
brain metastases

C)	 892 patients subjected to irradiation of bone me-
tastases

Data collected from all patients included: demo-
graphic data, symptoms, initial disease stage, prog-

nostic factors, including weight loss and fitness, and 
therapeutic parameters of irradiation, including radiation 
dose, fractionation and total treatment time. Date of 
death was used as the data cut-off point. Every patient 
expressed and signed their informed consent to therapy 
with palliative intent. Detailed patient characteristics are 
presented in Table 1.

Treatment methods

Palliative radiation therapy was administered to all 
studied patients with non-small cell lung carcinoma. 
The areas of irradiation included lung tumour, meta-
static bone tumour and metastases to the CNS. Doses 
ranging from 6 Gy to 30 Gy were administered with 
a different fractionation regimen (1–10 fractions) and 
total treatment time (1–10 days). Systemic treatment 
was offered to all patients with stage IV NSCLC.

The total number of patients undergoing palliative 
radiation therapy was 3202, including 1762 patients 
with irradiation of a lung tumour (without distant metas-
tases), 548 patients with irradiation of brain metastases 
and 892 patients with irradiation of bone metastases.  

Table 1. Patient characteristics

Location of lesions

Number of patients  
(n = 3202)

Lung Bone CNS

Mean age 62.54 (22–93) 64.93 (22–93) 60.04 (30–89) 60.65 (36–87)

Sex (male/female) 2244/958 1300/462 596/296 348/200

Location of lesions Number  
of patients

Lung

6 Gy 19 (1%)

8 Gy 276 (16%)

10 Gy 0

20 Gy 1349 (76%)

30 Gy 118 (7%)

Bone

6 Gy 0

8 Gy 452 (51%)

10 Gy 30 (3%)

20 Gy 341 (38%)

30 Gy 69 (8%)

CNS

6 Gy 0  

8 Gy 0

10 Gy 0

20 Gy 476 (87%)

30 Gy 72 (13%)
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After the completion of radiation therapy, 100% of the 
treated patients of each group were followed-up for 
overall survival (OS). The three subgroups of patients 
were irradiated with different doses, which constituted 
a criterion of patient selection and follow-up for OS in 
these subgroups (Table 1). 

Statistical analysis

The arithmetic mean and median OS was calculated 
using the Microsoft Excel 2011 spreadsheet. Statistical 
significance of differences between the obtained results 
was checked using the logrank test (p < 0.05) in the 
STATISTICA software v. 13.0 by StatSoft. Comparative 
analysis of OS for all investigated groups was conduct-
ed using the Kaplan-Meyer method.

Results

Patients with irradiation of a lung tumour:

Median OS was 5–7 months after the completion of 
radiation therapy. The longest OS was observed in the 
group of patients irradiated with doses of 20 Gy (76%) 
and 30 Gy (7%). Patients who received lower single 
doses of 6 Gy (1%) and 8 Gy (16%) survived an insig-
nificantly shorter period, but this could be caused by 
the small size of the group and the patients’ individual 
disease characteristics (logrank test, p = 0.06) (Table 2,  
Fig. 1).

Patients with irradiation of bone metastases:

No significant differences in OS were observed 
between the employed fractionation regimens (Table 2,  
Fig. 2). The choice of a single radiation fraction for bone 
metastases not only resulted in a similar OS as with 

a higher dose administered in a few fractions but also 
allowed one-day treatment. 

Patients with irradiation of CNS metastases:

The choice of a higher dose of radiation therapy 
did not demonstrate differences in median OS values 

Table 2. OS values for the three subgroups of patients depending on the dose of radiation therapy and the location of 
the treated metastases

Lung

Dose/Number of patients 6 Gy
(n = 19)

8 Gy
(n = 276)

20 Gy
(n = 1349)

30 Gy
(n = 118)

Median OS (months) 6 5 7 7
Bone

Dose/Number of patients 8 Gy 
(n = 452)

10 Gy
(n = 30)

20 Gy
(n = 341)

30 Gy
(n = 69)

Median OS (months) 5 4 4 5
CNS

Dose/Number of patients – – 20 Gy  
(n = 476)

30 Gy 
(n = 72)

Median OS (months) – – 4 4

Figure 1. Kaplan-Meier survival curves for patients diagno-
sed with a lung tumor treated with palliative radiation 
therapy at different doses. Curves for each radiation dose 
have a very similar shape and course. The course is almost 
identical in the first 4 months and after the 14th month 
(most deaths occurred before the 14th month following the 
completion of radiation therapy). The small visible increase 
in the number of deaths of patients irradiated with the 6 Gy 
dose can be a result of a statistical error, as the group of 
patients irradiated with the 6 Gy dose is clearly smaller than 
the other groups. Individual patient characteristics could 
contribute to the results obtained in this small subgroup 
as well. In the 6th month, a large increase in the number 
of deaths in the group irradiated with the 30 Gy dose can 
be seen. The graphs for patients irradiated with the 8 and 
20 Gy doses are very similar throughout their continuity, 
with minor deviations seen only between the 5th and the 
6th month. Differences in the OS values for each subgroup 
of patients are statistically insignificant (logrank test,  
p = 0.06).
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compared to a lower dose. Based on the conducted 
analyses, it was found that increasing the total radiation 
dose does not extend the mean OS values (Table 2, 
Fig. 3). 

Discussion

Palliative radiation therapy administered in a single 
dose allows quickly obtaining the desired effect without 
exposing patients to prolonged therapeutic proce-
dures. Among the most common benefits of a single 
administration of a lower dose of radiation therapy in 
palliative treatment is its analgesic effect [7–8]. Often, 
bleeding from the upper respiratory ways in cases of 
tumours located in the lungs is stopped. The most fre-
quent reason for palliative radiation therapy in patients 
with NSCLC is hemoptysis that can be stopped with low 
doses administered at appropriate intervals [9]. 

In a study by Ma et al., a meta-analysis of random-
ized, controlled trials involving a total of 1730 patients 
with locally advanced lung cancer was conducted [10]. 
The aim of this meta-analysis was to compare a higher 
(≥ 30 Gy) and lower (< 30 Gy) dose of radiation ther-

apy in mitigating the symptoms and improving patient 
survival. The combined odds ratios (ORs) did not indi-
cate a significant difference in the mitigation of cough, 
chest pain and hemoptysis between groups subjected 
to radiation therapy at the higher and the lower dose. 
OS values after the 1st and the 2nd year were similar 
between the high-dose and low-dose groups. In an-
other retrospective study [11] involving 232 patients 
with NSCLC, the most frequently recommended dose 
was 2 fractions of 8.5 Gy (34%), followed by 10 frac-
tions of 3 Gy or equivalent doses (30%, EQD2 approx. 
33 Gy). OS was significantly shorter in the case of the 
2 × 8.5 Gy regimen (median OS 2.5 months compared 
to 5.0 months for the 33 Gy regimen). In our study, 
a greater range of therapeutic doses was used, but com-
parative analysis revealed similar conclusions regarding 
the benefits of lower doses of radiation therapy in the 
palliative treatment of locally advanced lung cancer. 

In the investigated subgroup of patients with irradi-
ation of bone metastases, no significant differences in 
OS were found. The choice of a single irradiation with 
a dose of 8 Gy in 1 fraction for bone metastases not only 
offers a similar OS, but also allows for further sessions 
of radiation therapy for the treatment of recurrent os-
teoarticular pain or improvement of neurological signs 
in cases of spinal cord compression, as well as for an 
effective reduction of symptoms caused by compres-
sion of neighboring organs by the tumor, bleeding or 
infiltration [12–16]. 

The acknowledged regimen for treating CNS me-
tastases is radiation therapy at 30 Gy in 10 fractions. In 
patients with poor prognosis, a smaller total dose of 
20 Gy in 5 fractions is used [17]. 

Figure 3. Kaplan-Meier survival curves for patients diagno- 
sed with CNS metastases of NSCLC treated with pallia-
tive radiation therapy at different doses. Curves for 
both doses are very similar. In both cases, most deaths 
occurred in the first 4 months. In the subsequent months 
of follow-up, the patients’ OS was similar (logrank test,  
p = 0.72). 

Figure 2. Kaplan-Meier survival curves for patients 
diagnosed with bone metastases of NSCLC treated with 
palliative radiation therapy at different doses. The course 
of four curves is comparable and illustrates the lack of a 
significant impact of dose level and fractionation on OS 
(logrank test, p = 0.88). Patients irradiated with the 10 Gy 
dose after the 4th month have a more flat curve than the 
other doses, with a proportionally lower death rate (a small 
number of deaths between the 4th and the 9th month). 
In the group of patients who received the 30 Gy dose, a 
sudden increase in the number of deaths in the 3rd month 
can be seen. Curves for the 8 and 20 Gy doses, the most 
commonly used doses in clinical practice, have a very 
similar course with minor deviations in each month. The 
similar course of curves for the groups irradiated with the 
8 Gy dose in 1 fraction and the 20 Gy dose in 5 fractions 
(OS = 5 months) should lead to the choice of irradiation 
in a single dose in these clinical cases.



12

MEDICAL RESEARCH JOURNAL 2019, vol. 4, no. 1

www.journals.viamedica.pl/medical_research_journal

In our study, the choice of the higher dose of radi-
ation therapy did not demonstrate differences in OS 
compared to the lower dose (Fig. 3). Some researchers 
pointed out the doubtful results of reduced neurologi-
cal symptoms after palliative radiation therapy of brain 
metastases [18–20]. However, a better understanding 
of both the acute and the chronic toxicity of whole-brain 
radiation therapy should lead to more selective use of 
this procedure.

Conclusions

The use of a single fraction of palliative radiation 
therapy allows patients to conduct a single compre-
hensive hospital visit and obtain a therapeutic and 
analgesic effect, as well as to optimize their quality of 
life without the need for further hospital visits. In relation 
to the studied groups, the analysis should include the 
treatment cost and travel expenses that are lower with 
a single hospital visit. Therefore, due to the specificity 
of patients in palliative care and the progression of the 
disease, the selected therapeutic regimens should be 
as short as possible but effective, along with a rationally 
selected radiation dose.

The study demonstrated that the clinical effect of 
using high-dose irradiation is comparable to that of 
multi-fraction radiation therapy in palliative treatment.
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Admitted to Assiut University Children 
Hospital. Magnitude of the Problem  
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ABSTRACT
Background: Incidence data indicate that recurrent pneumonia occurs in 7.7–9% of all children with 

community acquired pneumonia. We aim by this study to assess the prevalence of recurrent pneumonia 

among the admissions with diagnosis of pneumonia in Assiut university children hospital for one year and 

to try to define the possible related risk factors. Patients and methods: This is a prospective hospital based 

study in Assiut University Children’s Hospital. Children younger than 16 years admitted with a hospital 

diagnosis of pneumonia to Assiut University Children’s Hospital for one year from 1 February 2017 to 31 

January 2018 were included. 

Results: Approximately 1 in 12 children with pneumonia in our locality have recurrent pneumonia with per-

centage of 12.61%. Cardiac diseases especially congenital heart diseases was the cause among 25.45% 

of the cases, immunodeficiency diseases represented 20.9% of the cases ,while bronchial asthma was 

the cause of recurrent pneumonia among 16.36% of the cases. As regard to risk factors in studied group, 

prematurity was detected among 7.27 % of the cases while more than 50% were formula fed and more than 

60% exposed to pollution. Father smoking was detected among 36.36% of cases. Patients aged > 6 years 

showed significantly higher frequency in risk factors as obesity, indoor and outdoor pollution and use of 

steroids in comparison to other age groups. However, patients aged 0-3 years exhibited significantly higher 

% frequency of having heart disease, oro-motor in coordination /swallowing dysfunction, gastro esopha-

geal reflux and under nutrition as risk factors for recurrent pneumonia in comparison to other age groups. 

Conclusions: The most frequent underlying cause for recurrent pneumonia in Assiut University Children’s 

Hospital which presents the largest referral pediatric hospital in Upper Egypt for one year according to our 

study was cardiac diseases; the second most frequent cause was immunodeficiency diseases, followed 

by bronchial asthma. Risk factors for recurrent pneumonia include socio-economic status of studied 

cases, prematurity, exposure to passive smoking and in or outdoor pollution, obesity, under nutrition, lack 

of breast feeding, gastro esophageal reflux and steroids usage.

Key words: Recurrent pneumonia, community acquired pneumonia congenital heart disease, gastro 

esophageal reflux disease, immunodeficiency diseases, bronchial asthma, socio-economic status, 

chronic lung diseases, pulmonary tuberculosis , aspiration syndrome, anatomical congenital respiratory 

anomalies, cystic fibrosis.
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Introduction

Pneumonia is the top infectious killer of children 
under 5 years worldwide, resulting in 935,000 deaths 
each year. According to the “Global Action Plan for 
Prevention and Control of Pneumonia”, around 20% 
of the child deaths that occurred globally in 2007 were 

caused by pneumonia, and more than 90% of these 
deaths were in developing countries [3]. In Egypt, it was 
estimated that 10% of children deaths below the age of 
5 years is likely caused by pneumonia and other acute 
respiratory infections [4]. Egypt has around 2 million 
cases of children with pneumonia every year [5], and 
42,000 Egyptian children under 5 die annually [6]. Ap-
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proximately 6% of infants experience at least one episode 
of pneumonia during the first two years of life [7]. Recur-
rent pneumonia (RP) is defined as at least two episodes 
of pneumonia in one year or three episodes ever, with in-
tercritical radiographic clearing of densities [8]. Incidence 
data indicate that RP occurs in 7.7–9% of all children with 
community acquired pneumonia (CAP) [1, 2].As a result, 
RP represents a frequent presenting manifestation in the 
general pediatric practice and is a very common reason 
for referral to pediatric chest physicians [1].

The challenge for the physician approaching RP is to 
discriminate between children with self-limiting or minor 
problems, that do not require a diagnostic work-up, and 
those with an underlying disease, for whom further in-
vestigation is mandatory. Therefore, determining which 
child should be investigated relies on clinical judgment, 
that should take into account the patient’s history, the 
clinical course of the episode, and any symptoms 
and/or signs indicating the presence of an underlying 
disease [9].Most of the children hospitalized during the 
first episode of pneumonia had a known predisposing 
condition for pneumonia recurrence including neuromo-
tor disorders with feeding problems, gastro-esophageal 
reflux ,congenital heart disease, asthma, airway malacia 
and vascular malformations [10]. 

The aim of the study is to assess the prevalence 
of recurrent pneumonia among the admissions with 
diagnosis of pneumonia in Assiut university children 
hospital for one year and to try to define the possible 
related risk factors.

Patient and methods

This is a prospective hospital based study in Assiut 
University Children’s Hospital. Children younger than 
16 years admitted with a hospital diagnosis of pneumo-
nia to Assiut University Children’s Hospital for one year 
from 1 February 2017 to 31 January 2018 were included.

All admissions to Assiut University Children Hospital 
were recorded over one year. Cases of pneumonia 
were identified and examined for criteria of recurrent 
pneumonia either on prospective bases.

Studied cases were subjected to the following:

History 

Including age, sex, residence, neonatal history, so-
cio-economic status for health research in Egypt (2012), 
duration of symptoms and treatment given, history sug-
gestive of immunodeficiency (e.g. persistent diarrhea, 
cutaneous infections as boils, abscesses etc.). History 
of recurrent upper respiratory tract infections (defined as 
more than six serious URI with fever, cough, sore throat 
and running nose per year and history of pervious hos-
pitalization, history of contact with tuberculosis patient, 

immunization status, developmental milestones and his-
tory of risk factors as prematurity, co morbid conditions 
as (heart diseases, GERD, oromotor or swallowing dys-
function) parental smokingand environmental pollution. 

Clinical Examination 

Complete physical examination including vital signs, 
anthropometric measurement and calculating body mass 
index (BMI) which equal weight divided by square of 
the body height in units of kg/m2 for children more than 
2 years old, calculating weight for height, weight for age 
and height for age percentiles for children less than 2 years 
old for assessment of nutritional status. Also presence 
and degree (if present) of respiratory distress, clubbing 
and full chest and cardiac examination were assessed. 

Investigations 

All cases of recurrent pneumonia were subjected to 
the following investigations:
1.	 Pulse oxmeter assessment.
2.	 Chest X- ray.
3.	 Complete blood count with differential count.
4.	 C- reactive protein assay.
5.	 Mantous test (Tuberculin sensitivity test).
6.	 Echocardiography.

Moreover, some cases with recurrent pneumonia 
well be subjected 

(According to every case individually based on 
history and clinical examination) to:
1.	 Computerized tomography of the chest in cases 

suspected of chronic lung diseases, anatomical 
congenital respiratory anomalies and suspected 
F.B inhalation.

2.	 Abdominal ultrasound and barium or gastro-graffin 
swallow with x-ray study in cases suspected gas-
tro-esophageal reflux and recurrent aspiration.

3.	 Laryngoscopy or flexible fiber-optic bronchscopy 
in cases of recurrence of pneumonia on the same 
side, suspected laryngo or bronchomalacia and 
suspected F.B inhalation

4.	 Immunoglobulin quantitative assay, number of T and 
B lymphocytes and flow cytometric quantitative de-
termination of leukocyte oxidative burst for children 
suspected to have immunodeficiency.

5.	 Cystic fibrosis DNA analysis for cases clinically 
suspicious having Cystic fibrosis.

6.	 Enzyme linked immunosorbant assay (ELISA) for 
human immunodeficiency virus (HIV) infection for 
suspected cases.

Inclusion criteria 

Infants and children below 16 years old diagnosed 
on clinical and radiological grounds as recurrent 
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Table 1. Socio-economic status according to EL Sherbini Modified Score (2012)

Name of head of family: Address:

Definition of the family: It includes nuclear cc joint family Married couple with unmanied children or without children. Head of the 
family will be either husband/wife. Dependent father/mother/brother/sister does not become member of the family unless he/she 
is earning and one kitchen with pooled income is managed by him/her.
This scale includes 7 domains with a total score of 84.
Sodoeconomic level: to be classified into very low, low, middle and high levels depending on the quartiles of the score 
calculated.
NB In case of death or retirement of husband or wife, record the education and occupation before death or retirement

Education and cultural domain  
(for both husband & wife)  
(score — 30)  
Highest level of education	 Husband	 Wife
Illiterate	 0	 0
Read & write	 2	 2
Primary	 4	 4
Preparatory	 6	 6
Secondary (general & technical of	 8	 8
3 or 5 years)
Intermediate (2 years) institutes	 10	 10
University graduate	 12	 12
Postgraduate degree	 14	 14
Access to health information (1 each for the following items): 
Printed materials, e.g. books, posters, booklets,
etc.; Audiovisual message on television &/or radio

Occupation domain  
(for both husband & wife)  
(score — 10
Occupation	 Husband	 Wife
Non-working/housewife	 0	 0
Unskilled manual worker	 1	 1
Skilled manual worker/farmer	 2	 2
Trades/business	 3	 3
Semi-professional/clerk	 4	 4
Professional	 5	 5

Family possessions domain  
(score — 12: 1 each for the presence of items given below)
Refrigerator — Radio — Television — Washing machine  
— Telephone/ mobile phone — Car — Agricultural land  
— Non-agricuhural land for housing — Shop or animal shed  
— Other house (beside the house in which the family is living)  
— Animals/poultry — Computer/ Internet

Family domain  
(score —10)
Residence: Urban slum — 0; Rural -1; Urban — 2
Number of family members (parents, children & all de- 
pendents): < 5 members — 2; ≥ 5 members — 1
Number of earning family members:1 member — 1; 2 members 
— 2; ≥ 3 members — 3
Education of children (aged ≥ 5 years, whether free or private 
education): All children going or ever gone to school/university 
— 3; ≥ 50% going or ever gone to school/university — 2; <50% 
going or ever gone to
school/university — 1; None go/gone to school/university/not 
applicable — 0

Home sanitation domain  
(score — 12)
Services (1 each for the presence of the following items): Pure 
water supply — Electricity — Natural gas — Sewerage system 
— Municipal collection of solid wastes — Flush latrine — Air 
conditioning
Type of house: Owned, ≥ 4 rooms — 4; Owned, < 4 rooms — 3;  
Rented, ≥ 4 rooms — 2; Rented, < 4 rooms — 1; No place to 
reside — 0
Crowing index: (number of family members divided by number 
of rooms): £ 1 person per room — 1; > 1 person per room — 0

Economic domain  
(score — 5)
Income from all sources: In debt — 0; 1 Just meet routine 
expenses — 1; Meet routine expenses and emergencies — 2; 
Able to save/invest money — 3
Family receives govemmental support: Yes — 1; No — 0
Family pays tax: Yes — 1; No — 0

Health care domain  
(score — 5)
Usual source of health care: Private health facilities — 5; Health 
insurance — 4; Free governmental health service — 3; More 
than one of the above sources — 2 Traditional healer/self care 
— 1

pneumonia. Recurrence is evidenced by the presence 
of documented previous episodes of pneumonia, 2 or 
more per year or 3 or more episodes in life time based 
on radiological evidence of two chest x rays with di-
agnosis of pneumonia with completely resolved chest  
x ray from pneumonia in-between.

Exclusion criteria

Age more than 16 years old , lack of radiographic 
evidence of pneumonia , lack of radiographic evidence 
of definite recurrence (for recurrent pneumonia cases) 
and cases of non resolving or persistent pneumonia. 

Patients with obvious neurological diseases that lead 
to recurrent pneumonia also were excluded. 

Patient clinically diagnosed as recurrent pneumonia, 
and those with non recurrent pneumonia will be sub-
jected to x-ray examination for radiographic evidence of 
pneumonia .Only patient with radiographic evidence of 
pneumonia will be continued to be investigated.

Results

This study was done in Assiut University Children 
Hospital for one year from 1 February 2017 to 31 Janu-



16

MEDICAL RESEARCH JOURNAL 2019, vol. 4, no. 1

www.journals.viamedica.pl/medical_research_journal

ary 2018 .All cases with pneumonia admitted to all units 
in the hospital have pneumonia were (872) case and 
(110) cases fulfilled the inclusion criteria of recurrent 
pneumonia with percentage of 12.61%. 

Investigations were done:
—— Mantous test was done for tuberculin sensitivity 

using 1T purified protein derivative (PPD) which was 
administered intradermally and reading was taken 
after 48-72 hours for all cases which included as 
recurrent pneumonia in the study. It was found that 
five cases had positive tuberculin testing. Gastric 
lavage and sputum study for acid fast bacilli were 
positive in two cases.

—— Echocardiography was done to all cases included 
in the study and have recurrent pneumonia and 
twenty eight cases were found to have congenital 
heart disease.

—— Gastro — esophageal reflux disease (GERD) was 
diagnosed in four children by clinical suspicion and 
confirmed by barium swallow. 

—— Abdominal ultrasound was done for all cases with 
clinically palpable organomegaly, cases with gastro 
esophageal reflux disease and for all cases with 
suspected to have immunodeficiency.

—— Flexible fiberoptic bronchoscopy was performed 
for three cases with radiological evidence of re-
current atelectasis in same side showing chronic 
inflammatory process and for two cases diagnosed 
as bronchiectasis and two cases diagnosed as 
vascular ring.

—— C.T scanning for chest examination was done for 
nine cases with atelectasis and lobar pneumonia 
and for all cases with chronic lung disease (Bron-
chiectasis, Interstitial lung fibrosis (IPF).

—— Cystic fibrosis DNA analysis also shows only one 
case with Cystic fibrosis from clinically suspicious 
included patients.

—— Enzyme linked immunosorbant assay (ELISA) for 
human immunodeficiency virus (HIV) infection to 
suspected five cases but all results were negative.

—— Seven cases with recurrent pneumonia, the etiology 
of recurrence was unknown inspite of most of pre-
vious investigations were done to them.
Table 2 and figure 1 show demographic data of the 

studied cases. It was found that (65.5%) of cases were 
males. The age ranged from 0.2-16 years with mean age 
3.91 ± 0.40 years. The majority of the included patients 
were belonged to age group 0–3 years (62.72%). About 
(77.27%) of studied cases was from urban areas.

Table 3 shows socio-economic status of studied 
cases according to El Sherbini modified classification 
Score, (2012). According to maternal domain about 
half of mothers read & write (54.54%). About (77.2%) 
of studied cases were from urban areas. Regarding 
occupation parents domain, there were (54.54%) of 
the parents were skilled manual worker. About family 
possessions domains there were (59.09%) had score 
7. In economic domain the majority of cases (84.54%) 
had met routine expenses &emergencies. Also all cases 
had number of family members more than 5 mem-
bers. Regarding crowding index there were about 
(94.5%) of cases had more than one person/room. 
According to El Sherbini modified score (48.18%) of 
the families belonged to middle class, while (43.64%) 
were classified as low class.

Table 4 shows history in the included pa-
tients. The mean value of disease duration was 
11.84 ± 3.29 days. There was history of cough among 
(94.54 %) of the patients, while (56.36%) had history 
of fever and (50.0%) had recurrent upper respiratory 
tract infection. About (22.72%) cases had history of 
atopy/allergy and about (11.81%) of cases had history 
of immuno-deficiency from first months of age.

Table 2. Demographic data of studied cases with 
recurrent pneumonia.

Item Descriptive “n=110”

1. Gender:
	 • Male
	 • Female
2. Age “years”
   Mean±SE
   (min-max) 
	 • 0–3 yrs.
	 • > 3–6 yrs.
	 • > 6 yrs.
3. Residence:
	 • Rural
	 • Urban 

72(65.45%)
38(34.54%)

3.91±0.40
(0.2-16)

69(62.72%)
15(13.63%)
26(23.63%)

25(22.73%)
85(77.27%)

Figure 1. Distribution of age (years) among the 
studied patients.
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Table 3. Socio-economic status of studied cases 
according to ElSherbini modified Score (2012) in Egypt.

Item Descriptive “n=110”

1. According to maternal 
education domain:

	 • Read & write
	 • Preparatory
	 • Secondary
2. Family Domain:
	 • Urban
	 • Rural
3. Occupation parents domain:
	 • Unskilled manual worker
	 • Skilled manual worker
	 • Semi-Professional
	 • Professional
4. Family possessions domains:
	 • Score 7
	 • Score 5-6
	 • Score <4
5. Economic domain:
	 • In debt
	 • Just meet routine expenses
	 • Meet routine expenses 

&emergencies
	 • Able to save money
6. Number of family members:
	 • < 5 members
	 • ≥ 5members
7. Crowding index” “number of 

family member/divided by 
number of rooms”:

	 • ≤ person/room=1
	 • > 1person/room
8. Home sanitation domain:
	 • Score 4
	 • Score 2
9. Elsherbini modified score:
	 • Very low
	 • Low
	 • Middle
	 • High

60 (54.54%)
32 (29.29%)
18 (16.36%)

85 (77.27%)
25 (22.72%)

30 (27.27%)
60 (54.54%)
10 (9.09%)

0.0

62 (59.09%)
33 (30.0%)

15 (13.63%)

0.0
3 (2.70%)

93 (84.54%)
14 (12.72%)

0.0
110 (100%)

6 (5.45%)
104 (94.5%)

61 (55.45%)
49 (4.54%)

3 (2.73%)
48 (43.64%)
53 (48.18%)

6 (5.45%)

Table 4. History analysis in the studied group.

Item Descriptive “n = 110”

1.	 Duration of disease “days”
2.	 Cough
3.	 Fever
4.	 Wheezing
5.	 Chronic rhino-sinusitis with 

post-nasal drip
6.	 Recurrent upper respiratory 

tract infections
7.	 Atopy/allergy
8.	 Asthma
9.	 Unexplained death, severe 

infections or multisystem 
diseases in family.

10.	Unusual organism or feature of 
systemic immunodeficiency

11.	History suggesting Immuno-
deficiency from first months of 
age

12.	Continuous, unremitting or 
worsening symptoms

11.84 ± 3.29
104 (94.54%)
62 (56.36%)
20 (18.18%)

00

55 (50.0%)

25 (22.72%)
19 (17.27%)

8 (7.27%)

00

13 (11.81%)

10 (9.09%)

Table 5. Investigations done for the studied group.

Item 0-3yrs.
“n = 69”

 > 3-6yrs.
“n = 15”

> 6yrs.
“n = 26”

1-Pulse oximetry“%” 94.05 ± 0.99 92.60 ± 0.91 96.11 ± 2.26

CBC:
2-WBCs “Cell/mm3”
3-Eosinophil “Cell/mm3”
4-Hb “g/dL”
5-MCV “FL”
6-MCH “pg”
7-Platelets “103/uL”

11.64 ± 6.42
2.45 ± 0.39

10.05 ± 1.55
70.53 ± 13.35
25.04 ± 8.84

393.26 ± 185.56

13.04 ± 3.47
4.83 ± 0.91

11.42 ± 1.60
76.44 ± 3.89
27.09 ± 4.38

364.40 ± 78.43

13.79 ± 4.97
3.38 ± 0.67

11.31 ± 1.52
70.41 ± 16.34
25.52 ± 3.85

308.30 ± 88.20

8-CRP “mg/dL” 36.30 ± 22.42 38.61 ± 22.41 42.32 ± 36.73

Table 5 shows descriptive data of investigations 
were done to the studied group including pulse oxime-

ter, C - reactive protein and complete blood count with 
differential count.

Table 6 and figure 2 show causes of recurrent pneu-
monia. The patients with cardiac disorders showed the 
highest % frequency of cases of recurrent pneumonia 
(25.45%), followed by (20.9%) those with immuno-de-
ficiency, while (16.36%) of cases were due to bronchial 
asthma. However, (6.36%) of the cases, the etiology 
was unknown.

Table 7 shows classification of cardiac causes of 
recurrent pneumonia. Patients with cyanotic heart 
diseases diagnosed as TGA (17.8%) of the cases, 
while (28.7%) of cardiac patients with a cyanotic heart 
diseases had ventricular septal defect.

Table 8 among 23 cases diagnosed with immunode-
ficiency, (52.17%) were due to B-cell deficiency, while 
(26.08%) were diagnosed as phagocytic cell defect.

Table 9 shows risk factors in study group. Prema-
turity was detected among (7.27%) of the cases while 
more than 50% were formula fed and more than 60% 
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Table 6. Causes of recurrent pneumonia in the studied 
cases.

Item Descriptive “n = 110”

1. Cardiac diseases 
2. Immuno-deficiency
3. Bronchial asthma 
4. Chronic lung diseases
	 • Bronchiectasis
	 • Interstitial lung disease
5. Aspiration syndrome:
	 • GERD
	 • Aspiration pneumonia
6. Unknown
7. Tuberculosis 
8. Anatomical congenital respiratory 

anomalies:
	 • Tracho-esophgeal fistula
	 • Vascular ring 
	 • Cleft palate
9. Cystic fibrosis

28 (25.45%)
23 (20.90%)
18 (16.36%)
15 (13.63%)

7 (6.36%)
 8 (7.27%)
7 (6.36%)
4 (3.63%)
3 (2.72%)
7 (6.36%)
7 (6.36%)
4 (3.63%)

1 (0.90%)
2 (1.81%)
1 (0.90%)
1 (0.90%)

Figure 2. Causes of recurrent pneumonia among the 
studied patients.

Table 7. Classification of cardiac causes among patients 
with recurrent pneumonia.

Item “N=28”

A. Cyanotic heart disease:
1. With decreased pulmonary flow:
	 — Double outlet Rt. Ventricle (with 

pulmonary stenosis).
2. With increased pulmonary flow:
	 — Transposition of great arteries.
	 — Total anomalous pulmonary venous 

drainage (without pulmonary stenosis).
B-A cyanotic heart diseases:
1. ventricular septal defect.
2. Atrial septal defect
3. Atrio-ventricular septal defect
4. Patent ductus arterious.
5. Pink Fallot’s tetrology.

1 (3.57%)

5 (17.85%)
3 (10.71%)

8 (28.71%)
4 (14.28%)
2 (7.14%)

5 (17.85%)
2 (7.14%)

Table 8. Classification of causes of immunodeficiency 
among patients presented with recurrent pneumonia.

Item “N = 23”

•	Phagocytic cell defect”chronic 
granulomatous defect disease”.

•	T-cell deficiency
•	B-cell deficiency
•	Combined T,B cell deficiency

6 (26.08%)

2 (8.69%)
12 (52.17%)
3 (13.04%)

Table 9. Risk factors 0f recurrent pneumonia in the 
studied group.

Item Descriptive “n = 110”

1. Prematurity
2.	 Feeding history(4.	6months):
Breast feeding
Formula fed
3.	 Co.	morbid conditions:
Heart disease
Oro-	motor incoordination/
swallowing dysfunction
Primary or acquired 
immunodeficiency
GERD
Overweight/obesity
4.	 Smoking (father)
5.	 Respiratory disease/previous 

allergy
6.	 Vaccinations:
T.B
Influenza
Measles
7.	 Use steroid
8.	 Indoor pollution
9.	 Outdoor pollution
10.	undernutrition

8 (7.27%)

53 (48.18%)
57 (51.81%)

 
30 (27.27%)

7 (6.36%)

10 (9.09%)
8 (7.27%)
7 (6.36%)

40 (36.36%)

31 (28.18%)
108 (98.2%)
10 (9.09%)

106 (96.36%)
9 (8.18%)

42 (38.18%)
38 (34.54%)
21 (19.09%)

exposed to pollution. Regarding vaccination for T.B 
and measles it was found that more than 95% of cases 
received these vaccines. Father smoking was detected 
among (36.36%) of cases.

Table 10 shows risk factors in relation to age groups 
among the studied cases. Patients aged > 6 years 
showed significantly higher frequency in risk factors 
as obesity, indoor and outdoor pollution and use of 
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Table 10. Risk factors of recurrent pneumonia in relation to age groups among the studied cases.

Item 0–3yrs.
“n = 69”

> 3–6yrs.
“n = 15”

> 6yrs.
“n = 26”

P-value

1.	 Prematurity
2.	 Feeding history(4.	6months):
Breast feeding
Formula fed
3.	 Co-morbid:
Heart disease
Oro-motor incoordination/swallowing 
dysfunction
Primaryor acquired immunodeficiency
GERD
Overweight/obesity
4.	 Smoking in parents:
5.	 Respiratordisease/previous allergy
6.	 Vaccinations:
T.B
Influenza
Measles
8.	 Use steroid
9.	 Indoor pollution
10.	Outdoor pollution
11.	undernutrition

12 (17.39%)

35 (50.72%)
34 (49.27%)

26 (37.68 %)
7 (10.14%)

9 (13.04%)

4 (3.63%)
0

16 (23.9%)
22 (31.88%)
68 (98.6%)

0
67 (97.9%)

2 (2.9%)
23 (33.33%)
19 (27.53%)
16 (23.18%)

3 (20.0%)

6 (40.0%)
9 (60.0%)

1 (6.66%)
0

8 (53.33%)

0
1 (6.66%)
7 (46.7%)
5 (33.3%)

(100%)
3 (20%)

15 (100%)
0

5 (33.33%)
4 (26.67%)
3 (20.0%)

2 (7.69%)

12 (46.15%)
14 (53.84%)

3 (11.53%)
0

6 (23.07%)

0
6 (23.07%)
17 (65.4%)
4 (15.38%)
5 (96.2%)
7 (26.9%)

26 (95.7%)
7 (26.9%)

14 (53.84%)
15 (57.69%)

2 (7.69%)

P = 0.442n.s

P = 0.732n.s

P < 0.006
P = 0.108n.s

P = 0.135n.s

P = 0.077n.s
P < 0.000
P < 0.001
P < 0.001

P = 0.628n.s
P < 0.03

P = 0.493n.s
P < 0.01
P < 0.01
P < 0.04

P < 0.001

steroids in comparison to other age groups. However, 
patients aged 0-3 years exhibited significantly high-
er % frequency of having heart disease, oro-motor 
incoordination/swallowing dysfunction, GERD and 
undernutrition as risk factors for recurrent pneumonia 
in comparison to other age groups. 

Discussion

 In present study, pneumonia was diagnosed in 
872 of admitted cases and 110 cases fulfilled the in-
clusion criteria of recurrent pneumonia 12.61%. This 
agrees with Saad and his colleges (2013)(11) who 
found in previous study in Assiut in Upper Egypt that 
9.2% of patients with pneumonia met the definition of 
recurrent/persistent pneumonia, 7% for recurrent and 
2.2% for persistent pneumonia .Also Morcos and his 
colleges (2016)(12) reported that 12% had recurrent 
pneumonia in El Galaa Teaching Hospital in Egypt. 
Similarly; 1–9% of patients met the criteria for recurrent 
pneumonia in previous studies (13, 14). However, other 
studies, Bolursaz et al (2017) (15) reported prevalence 
of 34.64 % of RP among patients with pneumonia in 
Tahran, Iran. 

 In present study, 65.5% of cases were males. This 
agrees with previous study done in Assiut University 
Hospital by Saad et al (2013)(11) as male patients rep-
resent 65% and female represents 35% of included RP 
cases. Bolursaz et al (2017)(15) also found that 55.0% 
of cases were males in Iran, that can be explained as 

male patients are more vulnerable to infections than 
female, also the tradition of favoring male to female in 
the community makes parents seek medical advice for 
male children earlier and more frequent. The majority 
of the included patients were belonged to age group 
0-3 years (62.7%). This agrees with Bolursaz et al (2017)
(15) who reported that 1% had onset of symptoms be-
fore 3 months of age, 6% between 3 and 12 months, 
65% between 1 and 5years and 28% after the age of 
5years, that can be explained as the age group 0-3 years 
had significantly higher % frequency of presence of  
co morbid conditions as congenital anomalies, congeni-
tal heart disease and under nutrition.77.27% of included 
cases were from urban areas, while 22.72% of included 
RP cases were from rural areas. This agrees with Li and 
his colleges (2017) (16) who reported that incidence of 
childhood pneumonia generally higher in urban areas 
with percentage of 73.45% for urban residents versus 
26.55% for rural areas.

 In the present study, there was history of cough 
among 94.45% of the patients, and 56.36% had history 
of fever while 50.0% had history of recurrent upper re-
spiratory tract infection .Less than third of cases 22.72% 
had history of atopy/allergy and about 11.81% of cases 
had history of immuno-deficiency from first months of 
age. This agrees with Çapanoglu et al (2017) (17) who 
reported the most common presenting symptom was 
cough 95.5%, followed by fever 59.9% and wheezing 
47.9%.

 Our results are in line with Çapanoglu et al (2017) 
(17) who reported congenital heart diseases were the 
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most important cause for recurrent pneumonia in 33.9% 
of children with RP. Dilated blood vessels or chambers 
of the heart may compress the bronchi, causing im-
paired drainage of pulmonary segments. Also patients 
with congenital lesions causing left-to-right shunting and 
an increased pulmonary blood flow have an increased 
susceptibility to respiratory infections. Previous studies 
have reported congenital heart disease in 1.2–25.4 % 
of cases (10, 13,14). A left-to-right shunt can adversely 
affect lung function, and superimposed lower respira-
tory tract infections cause additional compromise and 
might lead to respiratory failure (18). In agreement with 
these figures, our results demonstrated that congenital 
heart diseases was identified among 25.45% of cases 
and TGA was diagnosed in 17.85% of the cardiac cases, 
while 28.7% of cardiac patients with a cyanotic heart 
diseases had ventricular septal defect.

 In present study, 6.36 % of studied cases were 
due to aspiration syndrome, 3.36% with GERD and 
2.72% with aspiration pneumonia (in spite of patients 
with obvious neurological diseases that lead to re-
current pneumonia were excluded from our study). 
Gastro-esophageal reflux disease was diagnosed in 
four children by clinical suspicion and confirmed by 
barium swallow. This agrees with Owayed et al (2000)
(10) who reported that in developed countries, aspira-
tion is considered an important cause of RP and could 
be due to gastro-esophageal reflux disease (GERD) 
or due to pharyngeal in coordination. Reflux should 
be confirmed by esophageal PHh study, while video 
fluoroscopy should be used to confirm in coordination. 
Technetium scan, esophagoscopy and biopsy may be 
used if PHh study is not conclusive, although in many 
cases the history would be sufficient (19).

 In present study, 20.9% of studied cases proved to 
have immune-deficiency diseases. 52.17% of them were 
due to B -cell defect, 26.08% with chronic granulomtous 
disease, 13.04% due to combined T and B cell deficien-
cy and 8.69% due to T cell defect. This agrees with Patria 
& Esposito (2013) and Hoving & Brand (2013) (2, 18) 
who reported that immune deficiency disorders were 
present among 7.7–17.75 % of cases of RP. Children 
with immune defects usually present with highly recur-
rent and/or severe bacterial infections of the respiratory 
tract without any seasonality, recurrent gastrointestinal 
infections and recurrent skin infections. The family 
history of immunodeficiency is often characterized by 
recurrent infections and early deaths. There is often 
a delay of years between the onset of symptoms and the 
diagnosis being made: this delay increases the risk of 
bronchiectasis and irreversible lung damage occurring 
before appropriate treatment is given (20).

 In present study, cases with RP have asthma rep-
resented 16.36% of studied cases. This agrees with 
Douglas & Couriel (2001) (21) who reported asthma 

was diagnosed among 9.7% of studied patients. Asthma 
is the most important underlying illness for recurrent 
pneumonia in children reported by different research-
ers accounting for 15%–69 % of cases (14, 22, 23).The 
notion that asthma in children can be complicated by 
recurrent pneumonia has a long history and contributes 
to the confusion when assessing these children. This 
is especially true when the RML is involved. The right 
middle lobe syndrome is subject to atelectasis because 
of the anatomy of the bronchus and the lack of collateral 
ventilation with other lobes. Excess mucus production 
in hypersecretory asthma can lead to RML atelectasis. It 
is well recognized that the most common cause of the 
so-called ‘right middle lobe syndrome’ is asthma (24). 
Atopy was considered as an important risk factor for RP 
due to defective innate immune response of epithelial 
cells and interleukin 13-dependant reduced mucociliary 
clearance (25, 26). Allergic inflammation may also sup-
press the interferon response of innate immunity under 
certain circumstances (27).In contrast to our study and 
previous studies, Hoving & Brand (2013) (2) reported 
that asthma was not diagnosed as an underlying cause 
of recurrent pneumonia in their study. They believed 
that asthma is a rare cause of recurrent pneumonia in 
children, and if occurs this seems to be confined to very 
unusual and complicated cases of asthma.

 Tuberculosis is one of the most common infectious 
diseases among children in the world. TB is suspected 
when an ill child has a history of chronic illness of usually 
more than 3 weeks of duration that includes cough and 
fever, weight loss or failure to thrive (28). Tuberculosis 
is a common cause of extra luminal compression of the 
airways associated with recurrent lung infections (18).
In the present study, 6.36% of cases RP was due to 
tuberculosis. This agrees with Lodha et al (2002) (29) 
who reported pulmonary TB as a cause of recurrent 
pneumonia in 7.1% of patients. In addition, Çelebi 
(2010) and his colleagues (30) reported TB in 4.8% of 
the cases. The relatively low percentage frequency of 
TB as a cause for RP in our study may be suggested by 
the high rate of vaccination 98.6% among our studied 
cases. In previous studies with recurrent pneumonia, 
(13, 22) reported pulmonary TB as a cause in 19.2% and 
31.5% of patients, respectively. This relatively high prev-
alence of pulmonary TB should alarm the physicians 
and health authorities to take more intensive measures 
for prevention and control of this disease in these areas.

 The present study demonstrated that, 13.63% 
of studied cases have chronic lung diseases, 7.27% 
with interstitial lung disease while bronchiectasis 
represented 6.36% of included cases. These results 
matching with recent hypothesis that RP early in life 
is a major risk factor for bronchiectasis (31), but only 
some children actually develop bronchiectasis after the 
first episodes of pneumonia. The early identification of 
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the patients at the highest risk of bronchiectasis could 
allow a diagnosis to be made when the bronchial wall 
lesions are still mild, thus favoring the implementation 
of appropriate preventive and therapeutic measures, 
and a better final prognosis (32).The development of 
bronchiectasis is a chronic, progressive pulmonary 
disorder characterized by the permanent dilatation of 
one or more bronchi due to structural modifications in 
the bronchial wall (33). In pediatric patients, bronchi-
ectasis causes an accelerated decline in lung function 
that leads to repeated hospital admissions due to 
acute infectious exacerbations, a poorer quality of life, 
and possible premature death in early adult life (34). 
Recurrent pneumonia was considered as a risk factor 
for development of bronchiectasis in 6.7%- 8.5% of 
cases (1, 10).

 In the present study, 4 patients 3.63% had congen-
ital anatomical anomalies of the respiratory tract one 
patient had tracho-esophageal fistula, 2 had congenital 
vascular ring and one had cleft palate. Previous studies 
have reported congenital anomalies of the respiratory 
tract in 3.7-8.5% of cases (2, 10, 29). Recurrent chest 
infections are often the presenting feature of congenital 
abnormalities of the airways, lung parenchyma and pul-
monary vasculature. For example, repeated episodes 
pneumonia are often the presenting feature of lobar 
sequestration, bronchial stenosis and bronchomala-
cia,and cystic adenomatoid malformations of the lung 
(35). Such an abnormality should be suspected if one 
lobe is repeatedly infected or if there is there is incom-
plete resolution after treatment. Computerized tomog-
raphy and magnetic resonance scanning are helpful 
in defining the anomaly prior to surgical excision (36).

 In our study the etiology of recurrent pneumonia 
was not recognized in 6.36% of studied cases in spite 
of careful history obtained and full investigation done 
to these cases. This agrees with Çapanoglu et al 
(2017) (17) who mentioned that the underlying cause 
of recurrent pneumonia was no specific in 16.3% of 
studied cases and Saad and his colleges (2013) (11) 
who mentioned also that in 10-20%of studied cases the 
etiology was unknown.

 The current study showed that only one case had 
cystic fibrosis, diagnosed by cystic fibrosis DNA analy-
sis .Limited data are available regarding CF prevalence 
among Egyptian children’s has been believed to occur 
infrequently in Egypt; only few papers suggested its 
presence (37, 38).A history of neonatal jaundice, poor 
weight gain, steatorrhea and highly recurrent pneumo-
nia may suggest cystic fibrosis, although atypical cases 
may present with recurrent pneumonia alone, in the 
absence of malabsorption. Also recovery of pseudo-
monas aeruginosa from the respiratory tract, especially 
the mucoid form, is highly suggestive of CF (18, 39).

 In present study, according to El Sherbini modified 
score (2012) 48.18% of the families belonged to middle 

class, while 43.63%were classified as low class. This 
agrees with Wonodi et al (2012); Çapanoglu et al (2017) 
(17,40) who reported risk factors associating with RP in 
children especially poor socioeconomic status which 
represent an important risk factor commonly associ-
ated with increase the frequency of illness episodes 
in children .

Also high crowding index according to El Sherbini 
modified score (2012) was detected among 94.5% 
which represent important risk factor for recurrent pneu-
monia mostly due to increased exposure to respiratory 
pathogens (41).The definition of household crowding 
varies greatly (42). Household crowding was defined 
as two or more individuals sleeping in the same room 
as the child (43) or more 7 persons per household (44). 
Our results match with Çapanoglu et al (2017) (17) 
who reported overcrowded household as a definitive 
risk factor of RP.

In our study, we also found that 54.4% of mothers of 
studied cases only read and write and 29.29% of them 
had preparatory level of education. This agrees with De 
Souza et al (2000) (45) who mentioned that mother’s 
education level has an undeniable and important impact 
on their children’s health and understanding of them of 
the importance of the disease, its severity and use of 
health services. Also Nirmolia et al (2018) (46) showed 
lack of maternal education is significantly associated 
with occurrence of pneumonia.

History of prematurity was detected among 7.27% 
of studied cases. This agrees with Çapanoglu and his 
colleges (2017) (17) who mentioned prematurity as an 
important risk factor for pneumonia recurrence in chil-
dren .The two main mechanisms that children with low 
birth weight put at risk of respiratory infections include 
low immunity level and defects in lung function. Also, 
these children also have limited iron, zinc and copper re-
sources (47).Other studies that have been conducted in 
developing countries, showed the relationship between 
birth weight and infant mortality due to pneumonia or 
acute infection of the lower respiratory tract (48).Yoon 
et al (1997) (49) mentioned that a strong correlation 
exists between decreased mortality from pneumonia 
with increasing birth weight.

 In the present study, 36.36% of studied cases had 
history of parental smoking which becomes one of 
the important risk factors for RP. This agrees with Ça-
panoglu et al (2017) (17) who reported that exposure 
to smoking presented in 57.1% of studied cases with 
RP. Passive smoking is a risk factor for developing 
respiratory tract infections in children (50). Passive 
smoking in children leads to suppression of phagocytic 
function and cilia cell activity, increase the likelihood of 
adherence of bacteria to the epithelium of respiratory 
tract (51).

 According to our study, 19.09% of studied cases 
have under malnutrition. This agrees with most of 
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studies done before in the developing countries which 
reported strong correlation between under malnutrition 
and pediatric recurrent infections especially respiratory 
tract infections (51).Children with malnutrition have defi-
cient immune responses, consequently these childhood 
infections are more severe in these children. Studies 
show children who their weight is less than 70% appro-
priate weight for their age compared to other children, 
increased an 8 times risk of mortality from pneumonia 
for them (48).

 In present study 51.8% of studied cases were for-
mula fed and only 48.2% were exclusive breast fed .This 
agrees with Çapanoglu et al (2017) (17) who mentioned 
that insufficient breastfeeding was one of the definitive 
risk factors strongly associated with increasing the fre-
quency of RP. Ulshen (2005) (52) reported that breast-
feeding can protect children against the risk of lower 
respiratory infections. In fact, breast milk gives passive 
protection against pathogens even with change of age 
infants (53).Complete or partial breast-feeding resulted 
in a 50% reduction in mortality from acute respiratory 
tract infections in children fewer than 18 months (54).

 In present study 38.18% of cases with recurrent 
pneumonia exposed to indoor air pollution .There are 
documentations that the risk of pneumonia is enhanced 
following exposure to unprocessed solid fuel use by 
a factor of 1.8 (55) and also there is significant associa-
tion between ARI and indoor air pollution (56). Nirmolia 
et al (2018) (46) have documented a significant asso-
ciation between indoor air pollution and pneumonia. It 
has been recommended that prevention of indoor air 
pollution from burning of solid fuel to switching over to 
better quality fuel, improved ventilation or some other 
measures will substantially reduce morbidity and mor-
tality from pneumonia (55).This agrees with Po, et al 
(2011) ; Searing and Rabinovitch (2011) (57, 58) who 
reported that both indoor and outdoor pollution are 
a definitive risk factors for RP. Dherani et al (2008) (55) 
also reported that indoor air pollution has been deter-
mined to elevate the risk of pneumonia in children by 
approximately 80%. 

Conclusion

1-Approximately 1 in 12 children with pneumonia in 
our locality have recurrent pneumonia with percentage 
of 12.61%.The most frequent underlying cause for recur-
rent pneumonia in Assiut University Children’s Hospital 
which present the largest referral pediatric hospital in 
Upper Egypt for one year according to our study was 
cardiac diseases especially congenital heart diseases 
25.45% , the second most frequent cause was immu-
nodeficiency diseases 20.9% followed by bronchial 
asthma 16.36%. Other causes include chronic lung 

diseases, pulmonary T.B, aspiration syndrome, anatom-
ical congenital respiratory anomalies and cystic fibrosis 
arranged respectively, while the etiology of recurrence 
was unknown in 6.36 % of the cases.

2-Prematurity was detected among 7.27 % of the 
cases while more than 50% were formula fed and more 
than 60% exposed to pollution. Father smoking was de-
tected among 36.36% of cases. Patients aged > 6 years 
showed significantly higher frequency in risk factors 
as obesity, indoor and outdoor pollution and use of 
steroids in comparison to other age groups. However, 
patients aged 0–3 years exhibited significantly higher 
% frequency of having heart disease, oro-motor in co-
ordination /swallowing dysfunction, GERD and under 
nutrition as risk factors for recurrent pneumonia in 
comparison to other age groups. 

Finally, we hope that this study will help the pedi-
atricians identify and hence prevent and manage the 
most common etiologies of recurrent pneumonia in our 
locality. Determining which case should be investigated 
relies on clinical judgment, depending on a careful 
history and physical examination, whether the child is 
improving clinically and whether there is any feature 
suggestive of an underlying condition. Early treatment 
of the child’s underlying condition is crucial in order 
to stabilize lung disease and thus prevent progressive 
deterioration of most pulmonary diseases.

A wide range of tests is available and there is no 
evidence base to guide the clinician on the most ap-
propriate timing or sequence of investigations. Ideally, 
the diagnosis should be confirmed or excluded with 
the minimum number of the least-invasive tests. The 
economic burden of an extensive diagnostic work-up 
should always be kept in mind. Choosing the most 
appropriate investigations for recurrent pneumonia 
should be individualized for every case separately ac-
cording to detailed history and full clinical examination 
for each case.
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Effect of commercially available 
spices and herbs on the survival  
of Listeria monocytogenes and Salmonella 
Enteritidis

ABSTRACT
Background: Currently, natural food preservation methods are explored, one of which includes the use 

of herbs and spices. 

Methods: The study assessed the effect of herbs and spices; either opened directly before the test or 

opened and stored for three months; on the survival of L. monocytogenes and S. Enteritidis bacilli, isolated 

from meat. Moreover, the microbiological purity of the investigated herbs and spices was evaluated. The 

research consisted of the analysis of inhibition zone patterns around the wells with spice pulp after the 

incubation period. 

Results: Varied influence of herbs and spices on the survival of bacilli was reported, depending on the 

species. The strongest impact against L. monocytogenes, among freshly opened spices, had: granulated 

garlic (38.63 mm), whole cloves (28.87 mm), savoury (22.25 mm), ground cinnamon (22.13 mm), ground 

ginger (18.75 mm). As for S. Enteritidis, in the group of freshly opened spices, the strongest effect was 

found for: granulated garlic (37.25 mm), whole cloves (31.50 mm), and ground cinnamon (18.16 mm).  

It was reported that the storage of open spices caused a decrease in antimicrobial activity against  

L. monocytogenes, except for cloves, oregano, hot pepper, chilli, sage and turmeric. In the case of  

S. Enteritidis, the following stored spices were not effective: cinnamon, ground black pepper, sage, oregano, 

basil, tarragon, marjoram, rosemary, coriander, green mint, hot pepper, chilli, curry. 

Conclusions: It was confirmed, that herbs and spices, because of its antimicrobial activity can be used, 

e.g. for food preservation, minimizing the amount of chemical additives applied to the product and ex-

tending its shelf-life. 
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Introduction

Both herbs and spices are an important ingredient of 
most dishes. They have also application in cosmetology 
and medicine. Spices include leaves (mint, rosemary), 
flowers (cloves), bulbs (garlic, onion), fruit (cumin, 
red chilli), stems (cinnamon) and rhizomes (ginger) of 
plants. All spices obtained from plants were considered 
safe for the consumer (GRAS, Generally Recognized As 
Safe) [1]. It is assumed that over 100 different spices are 
produced globally. Asia is the leader in its production 
[2]. Both herbs and spices are a rich source of bioactive 

chemical compounds, such as vitamins, macro- and 
micronutrients, glycosides, alkaloids, tannins, flavo-
noids, phenols, organic acids and saponins. Bioactive 
substances of spices and herbs can be classified into 
volatile and non-volatile compounds, the former being 
mostly responsible for the antimicrobial properties of 
spices. The volatile active compounds of spices were 
divided into four groups: terpenes, terpenoids, phenyl-
propenes and „other”, e.g. degradation products [3, 4].

Food poisonings and infections are a serious  
public health problem, both for consumer and food 
producers [4]. Current food preservation technologies; 
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chemical preservatives, heat treatment, packaging 
in a modified atmosphere or vacuum packaging; are 
not fully effective in the elimination of certain bacteria, 
such as L. monocytogenes in food products [5]. Meat 
and dairy products are the most susceptible to micro-
bial contamination [4]. Over 1340 plants with proven 
antimicrobial activity have been identified, from which 
over 30,000 compounds have been isolated. It is difficult 
to determine the sensitivity of microorganisms to herbs 
and spices. Their effectiveness depends on the pH, 
temperature and amount of oxygen during storage and 
the concentration of essential oils and active compounds 
(conditions of plants growth and harvest) [5]. Active sub-
stances can affect the microbial structure; cell membrane 
or genetic material; and metabolism; e.g. cause disorders 
in enzymes synthesis and function [3, 6, 7]. Gram-negative 
bacteria, such as Escherichia coli and S. Enteritidis, are 
less susceptible to the action of antimicrobials; the pres-
ence of lipopolysaccharide is bounding the diffusion of 
phenolic compounds; than Gram-positive bacteria (Staph-
ylococcus aureus, L. monocytogenes, Bacillus cereus) 
due to the direct interaction of their cellular membrane 
with lipophilic active compounds of herbs and spices [1].

The aim of the study was to assess the impact 
of commercially available herbs and spices; freshly 
open or opened and stored for three months at room 
temperature; on the survival of L. monocytogenes and 
S. Enteritidis strains isolated from meat. Moreover, the 
microbiological purity of herbs and spices used in the 
study was evaluated. 

Materials and methods

Materials

The biological material included eight strains of 
L. monocytogenes and eight strains of S. Enteritidis 
isolated from meat, obtained from the collection of the 
Department of Microbiology of L. Rydygier Collegium 
Medicum, UMK in Bydgoszcz. 

The study included 20 commercially available herbs 
and spices (chili, hot pepper, sweet pepper, curry, tur-
meric, cinnamon, whole cloves, ground black pepper, 
ground ginger, granulated garlic, green mint, sage, 
thyme, basil, oregano, savory, marjoram, tarragon, 
coriander, rosemary) in two variants: freshly open or 
opened and stored for three months. All spices and 
herbs used in the study came from a single producer 
available on the Polish market. 

Influence of spices and herbs on the survival  
of strains tested

In the first step, spices were prepared. For this pur-
pose, 1 g of the seasoning was weighed into a sterile 

Petri dish. Next, sterile water was added in a volume 
allowing to obtain the so-called pulp. 

The impact of herbs and spices on the microbes 
survival was evaluated by surface culturing of bacterial 
suspensions (0.5 on the MacFarland scale) in a buffered 
saline solution (Avantor) on the Müeller Hinton Agar with 
5.0% equine blood and 20 mg·l-1 b-NAD (bioMérieux) 
— L. monocytogenes, or the Müeller Hinton Agar 
(bioMérieux) — S. Enteritidis. Next, the tested spice 
pulp (0.1 g) was applied to the wells drilled with a sterile 
cork borer. The plates were incubated for 24 h at 37°C. 
After the incubation period, zones of growth inhibition 
[mm] were measured around the wells with the spices. 

Evaluation of microbiological purity  
of spices and herbs 

The microbiological purity of all 20 spices and 
herbs tested (opened immediately before the study, 
and opened and stored for three months at room tem-
perature) was evaluated in accordance with the Polish 
norm PN-A-86967 [8]. After the incubation period, the 
species identification of the grown colonies was per-
formed using the MALDI TOF MS apparatus (Bruker) in 
accordance with the manufacturer’s instruction. 

Statistical analysis

The statistical analysis was performed using Sta-
tistica 12.0 PL (StatSoft) software. To evaluate the 
differences in microbiocidal activity, depending on 
the type of spices and the time that has elapsed since 
their opening, the post-hoc Tukey test was used. The 
differences were considered significant at the probability 
level p < 0.05.

Results 

It was found that all spices and herbs opened 
immediately before the study demonstrated activity 
against L. monocytogenes (Fig. 1). It was also report-
ed that granulated garlic (37.25 mm), whole cloves 
(31.50 mm), ground cinnamon (18.16 mm), ground 
ginger (15.88 mm), and hot pepper (11.38 mm) had 
the strongest antimicrobial activity against S. Enteriti-
dis in the group of freshly opened spices (Fig. 2). As 
for L. monocytogenes, the strongest effect among the 
freshly open spices had: granulated garlic (38.63 mm), 
whole cloves (28.87 mm), savoury (22.25 mm), ground 
cinnamon (22.13 mm), and ground ginger (18.75 mm) 
(Fig. 1). In the group of spices opened immediately 
before the study, significant differences were found for 
granulated garlic (Fig. 1). As for basil opened immedi-
ately prior to the study, activity against one strain of L. 
monocytogenes was found (Fig. 1). Among the freshly 
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Figure 1. Mean zones of L. monocytogenes growth inhibition obtained with spices opened immediately before the 
test, and opened and stored for three months at room temperature (a, b, c, .... — means marked with different letters 
differ significantly)

Figure 2. Mean zones of S. Enteritidis growth inhibition obtained with spices opened immediately before the test, 
and opened and stored for three months at room temperature (a, b, c, .... — means marked with different letters 
differ significantly)

opened basil, rosemary and curry spices, there were no 
zones of S. Enteritidis growth inhibition detected (Fig. 2). 

In the present study, no influence of the stored curry, 
rosemary, basil and green mint spices on L. monocy-

togenes bacilli was reported (Fig. 1). In the group of 
stored spices, the highest activity against L. mono-
cytogenes was found for: whole cloves (33.38 mm), 
granulated garlic (27.63 mm), ground cinnamon 
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(18.75 mm), oregano (15.75 mm), and ground ginger 
(14.38 mm) (Fig. 1). As for stored marjoram, activity 
against one L. monocytogenes strain was observed 
(Fig. 1). In the present study, in the group of stored 
spices, the activity against S. Enteritidis was demon-
strated with whole cloves (29.63 mm), granulated garlic 
(26.88 mm), ground cinnamon (16.75 mm), ground 
ginger (10.63 mm), sweet pepper (4.88 mm) ), savoury 
(3.38 mm), thyme (2.75 mm), and turmeric (2.38 mm) 
(Fig. 2). Significant differences in the spices tested three 
months after opening were found for cinnamon, ground 
black pepper, sage, oregano, basil, tarragon, marjoram, 
rosemary, coriander, green mint, hot pepper, chilli, and 
curry, which did not show antimicrobial activity against 
S. Enteritidis (Fig. 2). 

Larger zones of L. monocytogenes growth inhibi-
tion were observed in the case of cloves (32.38 mm), 
oregano (15.75 mm), hot peppers (12.00 mm), chilli 
(11.88 mm), sage 10.75 mm), and curcuma (10.63) 
spices tested three months after opening as compared 
to the spices opened immediately before the study  
(Fig. 1). As for S. Enteritidis, no differences in the anti-
microbial activity were found between freshly opened 
and stored spices (Fig. 2).

The results of the microbiological purity evaluation of 
the herbs and spices used are shown in Table 1. A sig-
nificant level of spices contamination was demonstrat-
ed, mostly with Bacillus species. The number of isolated 
fungi and molds was within the limits permitted by the 
Polish standard PN-A-86967: 1998/Az1: 2002 [8]. 

Discussion

Herbs and spices have been used for culinary pur-
poses for centuries, but also in cosmetology and medi-
cine. The antimicrobial properties of herbs are related to 
the presence of a number of chemical compounds [4]. 

In the own study, it was shown that granulated 
garlic suppressed the growth of L. monocytogenes and  
S. Enteritidis most strongly. Scientific research pro-
vides a lot of data on a wide range of garlic activity, 
which affects the survival of both Gram-positive and 
Gram-negative bacteria, including Escherichia, Sal-
monella, Staphylococcus, Streptococcus, Klebsiella, 
Proteus, Bacillus and Clostridium species (except C. 
botulinum) [4]. The own study also showed that ground 
cinnamon and whole cloves (both freshly opened and 
stored after opening) inhibited the growth of the tested 
strains. The direct antimicrobial activity of ground cinna-
mon and cloves against E. coli, S. aureus, Brochothrix 
thermosphacta, Lactobacillus rhamnosus and Pseudo-
monas fluorescens isolated from meat was presented 
by Kuanga et al. [9]. They showed that ground clove 
powder had a strong inhibitory effect on the five micro-

organisms tested (MIC: 1.0% w/v — 2.0% w/v) [9]. On 
the other hand, Bayoub et al. [10] reported that clove 
extract was the most effective inhibitor of L. monocy-
togenes as compared to the other 12 plant extracts 
based on ethanol (MIC: 0.24 mg/ml). In the own study, 
no influence of basil, curry rosemary (freshly opened 
spices) against S. Enteritidis. However, Weerakkody 
et al. [11] found that hexane rosemary extract showed 
a higher antibacterial activity than aqueous extracts in 
relation to all bacteria tested, except S. Typhimurium 
(MIC: 1.25–5.0 mg/ml). Weerakkody et al. [11] also 
reported high activity of lemongrass, mountain pepper 
and rosemary against S. aureus, E. coli, S. Typhimurium 
and L. monocytogenes. Moreover, Sandasi et al. [12] 
found that basil, oregano, thyme, rosemary and ginger 
limited the mobility of E. coli 0157: H7 and P. aerugino-
sa, while thyme and rosemary reduced the adhesion 
of L. monocytogenes cells to PVC (polyvinyl chloride), 
and thus, limited the biofilm development. 

In the present study, no effect of curry, rosemary, 
basil and green mint (spices stored) on L. monocyto-
genes was found. Antibacterial activity of essential oils 
from oregano and thyme against L. monocytogenes and 
E. coli O157: H7 strains was demonstrated by Aboaba 
et al. [13] and Govaris et al. [14]. Also, Dimitrijevic et 
al. [15] demonstrated the effect of essential oils of 
thyme, rosemary and oregano against L. monocyto-
genes. Among the stored spices activities against S. 
Enteritidis was not shown for cinnamon, ground black 
pepper, sage, oregano, basil, tarragon, marjoram, rose-
mary, coriander, green mint, hot pepper, chilli and curry. 
On the other hand, Bayou et al. [10] found that cloves 
extract was the most effective inhibitor of L. monocy-
togenes as compared to the other 12 plant extracts 
based on ethanol (MIC: 0.24 mg/ml). Babacan et al. 
[16] evaluated the antimicrobial effect of oregano extract 
on several Salmonella serotypes. Growth zones of 15, 
19 and 16 mm-in-size were reported for S. Gallinarum, 
S. Enteritidis and S. Typhimurium, respectively [16]. 
However, de Medeiros Barbosa et al. [17] demonstrated 
the antibacterial effect of essential oils from oregano 
and rosemary against E. coli, L. monocytogenes and  
Salmonella spp. Al-Turki [18] described the antimicro-
bial action of hydrosols from five spice (thyme, pepper-
mint, sage, black pepper and garlic) against B. subtilis 
and S. Enteritidis. The Author stated that garlic provided 
a stronger antibacterial effect against B. subtilis and S. 
Enteritidis in comparison with thyme, mint, sage and 
black pepper [18]. 

The assessment of microbiological purity of the test-
ed spices, available on the Polish market, showed their 
significant contamination. Nevertheless, the results were 
within the limits allowed by the Polish Norm. Brużewicz 
and Malicki [19] evaluated the microbiological purity 
of herbs and spices on the Polish market. They found 
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Table 1. Results of the microbiological purity evaluation of the spices investigated

Spice Spices tested immediately  
after package opening

Spices tested three months  
after package opening

TSA agar MacConkey 
agar

Sabourauda 
agar 

TSA agar MacConkey 
agar

Sabourauda 
agar 

chili + (1 colony) – + (1 colony) + 
Staphylococcus 
camaieu

– –

hot pepper + (uc*)
Bacillus pumilus

– – + 
Bacillus pumilus, 
Micrococcus luteus

– –

sweet 
pepper

– – – – – + (1 colony)

curry + (confluent growth)
Bacillus pumilus

– + (1 colony) + (approx. 1000 
colonies)
Paenibacillus viridis, 
Bacillus clausii

– –

turmeric + (1 colony) – – + 
Staphylococcus 
warneri

– –

cinnamon – – – + (3 colonies) – –

whole cloves + (uc) – – + (confluent growth) + (1 colony) + (1 colony)

ground 
black 
pepper

+ (confluent growth) – – + (confluent growth) – –

ground 
ginger

+ (confluent growth, 
Bacillus pumilus) 
+ (Lysinibacillus 
fusimoris)

+ (2 colonies) + (3 colonies) + (confluent growth)
Bacillus pumilus

– –

granulated 
garlic

+ (uc) + (1 colony) – + (confluent growth)
Bacillus pumilus

+ (15 colonies)
Escherichia 
vulneris

–

spearmint – – – + (3 colonies) – –

sage + (uc) – + (4 colonies) + (confluent growth)
Bacillus pumilus

+ (2 colonies)
Pantoea calida

+ (5 colonies)

thyme + (uc) 
Bacillus licheniformis 

– – + (20 colonies)
Bacillus 
licheniformis, 
Bacillus pumilus

– + (1 colony)

basil + (uc) – – – – –

oregano + (uc)
Bacillus pumilus 

– + (4 colonies) – – –

savory + (6 colonies)
Bacillus licheniformis

– – + (1 colony)
Bacillus 
licheniformis

– –

marjoram + (uc)
Bacillus licheniformis

+ (confluent growth) – –

tarragon + (uc)
Bacillus pumilus

– – + (approx. 600 
colonies)
Bacillus simplex

– –

coriander + (uc)
Bacillus pumilus

– – + (12 colonies)
Bacillus pumilus, 
Bacillus simplex

– + (4 colonies)

rosemary + (uc)
Bacillus pumilus

+ (uc)
Pantoea 
agglomerans

+ (5 colonies) – – –
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that the level of contamination with oxygen microflo-
ra and saprophytic fungi oscillated within the limits 
allowed by the Polish standard, at 105 CFU × g-1 and 
103 CFU × g-1. The presence of E. coli and Salmonella, 
as well as coagulase-positive staphylococci, was detect-
ed in none of the samples tested. Based on the obtained 
data; related to the changes in the number of microor-
ganisms noted during the storage period; the following 
product contamination categories were distinguished: 
1) remained unchanged (pepper, nutmeg, basil),  
2) decreased (garlic, onion, coriander, parsley, paprika, 
turmeric) or 3) increased (tomato) [19]. Lins [20] found 
that Salmonella spp. and coagulase-positive staphylo-
cocci were not detected in 25 g of the spices tested. 

Conclusions 

The antimicrobial activity of herbs and spices against 
L. monocytogenes and S. Enteritidis demonstrated in 
this study can be used in the food industry, e.g. for food 
preservation, minimizing the amount of chemical addi-
tives applied to the product and extending its shelf-life. 
Attention should be paid to the durability of herbs (active 
substances) during storage and the microbiological 
contamination of commercially available spices. It is 
important to broaden the research on the characteris-
tics of active compounds in spices and herbs, and the 
mechanism of their action on microorganisms.
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Extracellular divalent ions modulate 
TREK-2-like channel conductance in 
prefrontal pyramidal neurons in rats

ABSTRACT
Background: The aim of the study was to investigate, with the use of the patch clamp technique, the de-

pendence of the conductance of the TREK-2-like potassium leak channel in the medial prefrontal cortex 

pyramidal neurons on the presence of extracellular magnesium and calcium ions. It is suspected that 

TREK-2 channels regulate mood and may be associated with the pathophysiology of depression. Since 

magnesium and calcium deficiency contribute to depressive symptoms, we investigated how TREK-2- like 

channel pore properties change in the absence of divalent cations. 

Results: Single-channel currents were recorded in a cell-attached configuration in enzymatically dispersed 

pyramidal neurons of the prefrontal cortex in rats. Spontaneous TREK-2-like channel activity was recorded 

either in the presence or absence of magnesium and calcium ions in extracellular solution. A significant 

increase in the inward channel conductance was observed when divalent cations were removed from 

the extracellular solution. Inward rectification was also increased when the bath temperature was raised 

to 34-37°C. 

Conclusions: The study confirmed that the activity of TREK-2-like channels is affected by the presence of 

magnesium and calcium ions in the extracellular solution. Therefore, in vivo, the TREK-2-like channel may 

possibly participate in the prefrontal cortex dysfunction associated with the deficiency of divalent cations.

Key words: magnesium and calcium homeostasis; depression; TREK-2 channels; leak potassium chan-

nels; patch-clamp
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Introduction

Dysfunction of the prefrontal cortex occurs in many 
neuropsychiatric diseases. Some of these, such as 
depression, schizophrenia, mania, or anxiety disorders, 
may accompany magnesium and calcium homeostasis 
dysregulation [1–5]. Neuronal excitability is controlled 
by the activity of ion channels. Therefore, understand-
ing the impact extracellular ions have on the kinetics of 
ion channels in the prefrontal cortex pyramidal neurons 
may be important. 

TREK-2 is a member of the two-pore domain chan-
nels that form a family of the leak (or background) K+ 
channels. The main function of leak potassium channels 
is to stabilize the resting membrane potential, which af-
fects the excitability of neurons. It was recently reported 
that TREK-2-like channels are present in pyramidal cells 
in the prefrontal cortex of rats [6]. Thus, the excitability 
of prefrontal pyramidal cells can depend on the activity 

of TREK-2-like channels, not only in physiological but 
also in pathophysiological conditions. 

Although the TREK-2 channels are distinct from 
voltage-activated channels (Kv family) or inward rectifier 
channels (Kir family), to a certain degree their kinetics 
resemble those of Kv and Kir channels. The probability 
of opening (Po) of TREK-2 channels increases with 
membrane depolarization [6], and the inward conduc-
tance exceeds the outward conductance (the latter does 
not result from asymmetrical ion concentration) [7]. In 
our work, we examined how the rectifying properties 
of the TREK-2-like channel depend on the presence of 
divalent ions, such as Mg2+ and Ca2+, in extracellular 
solution in temperature close to physiological. 

Because it is believed that TREK channels family 
may be involved in the pathogenesis of depression 
[8–10], understanding the influence of Mg2+ and 
Ca2+ ions on the activity of TREK-2 channels may 
contribute to the understanding of the mechanisms 
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leading to depression in hypomagnesaemia and hy-
pocalcaemia.

Methods

The experimental procedures used in this study con-
form to institutional and international guidelines for the 
ethical use of animals. The experiments were performed 
on young (20-days-old) male Wistar rats. Preparation 
of the slices and the procedure of enzymatic tissue 
dissociation were performed as described previously 
[6]. Voltage-clamp recordings were performed in the 
cell-attached configuration using an Axopatch 1D ampli-
fier (Axon Instruments) and pClamp 9.0 software. Data 
were filtered at 5 kHz, digitized at 50 kHz and stored 
on a computer. 

The cells were perfused with bath solution contain-
ing (in mM): KCl (145), CaCl2 (2), MgCl2 (2), glucose 
(10), LaCl3 (0.0015) and HEPES (10). The pH of the 
solution was adjusted to 7.4 using NMDG, and the 
osmolality was adjusted to 330 mOsm using sucrose. 
The pipette solution contained (in mM): potassium 
acetate (130), HEPES (10), MgCl2 (2), CaCl2 (2), TTX 
(0.005), and LaCl3 (0.0005). The pH of the solution was 
7.4 and was adjusted using NMDG; its osmolality was 
280–300 mOsm. In experiments with Mg2+-free solution, 
the composition of the pipette solution was as follows: 
potassium acetate (122), HEPES (10), CaCl2 (0.1), 
EGTA (0.1), KCl (8) and TTX (0.005), and LaCl3 (0.0005). 

The unitary current amplitudes were determined 
from all-point amplitude histograms fitted with Gaussian 
functions. Only full openings, i.e. openings with maxi-
mum amplitude, were included in the current analysis.

To evaluate statistical significance between four 
groups, we used one-way ANOVA. If not stated other-
wise, p values refer to Tukey’s post-hoc tests. 

Results

In the study presented here, we recorded sin-
gle-channel potassium currents in the pyramidal pre-
frontal cortex of rats. Recordings were carried out in high 
extracellular potassium concentration in cell-attached 
configuration. In the study, we investigated the effect 
of divalent ions and temperature on the amplitude of 
TREK-2-like currents that appeared spontaneously 
in membrane depolarization and hyperpolarization. 
Identification of the channel as a TREK-2-like channel 
in its non-canonical isoform (b or c) has been described 
previously [6] and was performed on the basis of 
pharmacological and biophysical properties and with 
the use of immunofluorescence together with confocal 
microscopy. Non-canonical isoforms result from alter-
native splicing [7]. 

Channel rectifying properties in the presence (2 mM 
Mg2 + and 2 mM Ca2 +) and the absence of divalent ions 
(0 Mg2+ , 0.1 mM Ca2+, 0.1 mM EGTA, a trace quantity 
of calcium ions were present) at room temperature are 
shown in Fig.1. A voltage of +50 mV (depolarization) 
or -50 mV (hyperpolarization) was applied to cell mem-
branes and single-channel currents were recorded at 
room temperature. In both variants, the amplitude of the 
inward current evoked by negative potential was higher 
that of the outward current. Single channel conductance 
values S were as follows (subscribe D — depolarization, 
H — hyperpolarization, MgCa — presence of divalent 
ions, EGTA — 0 mM Mg2+):

SD,MgCa = 167.2 pS ± 10.5 pS (n = 7)
SH,MgCa = 188.1 pS ± 8.2 pS (n = 7),
SD,EGTA = 177.2 pS ± 1.9 pS (n = 4), 
SH,EGTA = 234.4 pS ± 1.1 pS (n = 4).
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Figure 1. Effect of extracellular Mg2+ on potassium 
TREK-2 like currents. 
A) Single channel recordings of TREK-2 like currents 
with 2 mM or without Mg2+ in the pipette solution at two 
membrane potentials. Positive current represents outward 
potassium current, negative — inward current; c — closed 
channel, o — open channel; high pass filters set at 5 kHz.
B) The mean unitary current (absolute value) measured at 
depolarization (+50 mV) and hyperpolarization (-50 mV) 
of cell membrane with 2 mM or without Mg2+ in the pipette 
solution; *p < 0.02, **p < 0.01, ns p > 0.88.
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in rat pyramidal prefrontal cortex neurons. These cur-
rents have been previously identified as conducted 
by TREK-2-like channels in its non-canonical form  
b or c [6]. We performed experiments with two different 
solutions in a pipette (pipette solution corresponds to 
the extracellular environment). One solution contained 
divalent ions at a concentration of 2mM (2mM Mg2+, 
2mM Ca2+), the other solution was Mg2+ -free and 
contained a trace concentration of Ca2+ ions (0.1 mM 
Ca, 0.1 mM EGTA).

Our most important result is the confirmation of the 
effect of extracellular divalent ions on the inward con-
ductance of the recorded channels and presenting that 
the inward rectification depends on temperature: the 
difference between outward and inward conductance 
is bigger in higher temperature (Fig. 1). The effect of 
removing extracellular Mg2+ is similar to the effect of 
increasing temperature. In the absence of divalent ions 
in the extracellular solution, the amplitude of the inward 
current and thus the inward conductance of the channel 
increased (Fig. 1). The influence of extracellular magne-
sium ions on channel conductance can be analogous to 
the blocking mechanism of Kir channels by intracellular 
magnesium ions [11, 12]. Most likely, magnesium ions 
from the extracellular side penetrate into the entrance 
region of the channel pore and block the potassium 
current. That penetration can be impaired at higher 
temperature. Publications indicate that extracellular 
Ca2+ does not usually block potassium channels. An 
exception is the HERG channel [13]. The mechanism 
of action of divalent ions was not, however, the subject 
of the work presented here.

Our research suggests that the level of divalent 
ions (Mg2+, Ca2+) in extracellular solution may have 
a significant effect on the functioning of TREK-2-like 
potassium channels in vivo. Because these channels 
are expressed in the prefrontal pyramidal cells, the 
TREK-2-like channels possibly affect the functions of 
the prefrontal cortex in a manner dependent on the 
concentration of Mg2+ or Mg2+ and Ca2+. 

There are studies suggesting that the activity of 
TREK-1 and TREK-2 ion channels can affect mood regu-
lation and showing that selective serotonin reuptake 
inhibitors affect the activity of TREK-1 and TREK-2 chan-
nels [8–10,14–16]. These channels are therefore 
a promising goal of drug action in new therapies for 
the treatment of depressive disorders [17].

A variety of neuromuscular and psychiatric symp-
toms, including depression, was reported in dysregula-
tion of magnesium homeostasis [2, 3, 5]. Although the 
antidepressant activity of magnesium is mostly ascribed 
to the activity of the NMDA receptor, the mechanism of 
the antidepressant effect of magnesium is not yet fully 
understood [2]. Our work suggests that in the conditions 
of disturbed homeostasis of divalent ions, TREK-2 chan-
nels can interfere with the functioning of the cortex 
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Figure 2. Effect of temperature on potassium TREK-2 like 
currents in the presence of 2 mM Mg2+ in the pipette 
solution. T1 21–25°C, T2 34–37°C. *p < 0.02, **p < 0.004, 
ns p > 0.036

The obtained results indicate that the studied chan-
nel had rectifying properties, i.e. outward conductance 
SD MgCa was significantly lower than inward conductance 
SH,MgCa (p = 0.0037) and that properties of inward con-
ductance SH were dependent on presence of divalent 
cations (SH,MgCa vs SH,EGTA, p = 0.008; SD,MgCa vs SD,EGTA, 
non-significant). 

Next, we measured the conductance of the channel at 
room temperature T1 (~25°C) and at higher temperature 
T2 (temperature 34°–37°C) in the presence of divalent 
ions. Unfortunately, the instability of the seal at higher 
temperature in the absence of divalent cations made 
recording quality under these conditions insufficient for 
analysis. Single-channel conductances S were as follows 
(subscribe D — depolarization, H — hyperpolarization, 
T1 — room temperature, T2 — high temperature): 

SD,T1 = 167.2 pS ± 10.5 pS (n = 7), 
SH,T1 = 188.1 pS ± 8.2 pS (n = 7),
SD,T2 = 186.4 pS ± 8.3 pS (n = 7), 
SH,T2 = 250.5 pS ± 10.6 pS (n = 7).

The conductances marked with the symbols 
SD,T1 and SH,T1 are the same as conductances SD,MgCa 
and SH,MgCa respectively. The results indicate that the 
increase in temperature from T1 to T2 increased the 
inward conductance by 62 pS (SH,T1 vs. SH,T2, p < 0.006), 
while the increase of the outward conductance was 
statistically insignificant (SD,T1 vs. SD,T2, p = 0.36 ). This 
means that the temperature has a significant influence 
on the inward conductance (Fig. 2).

Discussion

In the presented work, we measured single-channel 
potassium currents with a large conductance (> 150 pS) 
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pyramidal cells. Therefore, it would be important to 
examine the role of TREK-2 channels in depression 
accompanying hypomagnesemia in future studies.

Conclusions

The activity of TREK-2-like channels is affected by 
the presence of magnesium and calcium ions in the 
extracellular solution. In vivo the TREK-2-like channel 
may possibly participate in dysfunctions associated 
with the deficiency of divalent cations like depression, 
schizophrenia, anxiety.
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TTX-resistant sodium currents  
in medial prefrontal cortex  
pyramidal neurons depend on 
extracellular Ca2+ concentration

ABSTRACT
Background: Previous reports reported the presence of TTX-resistant Nav1.8 and Nav1.9 sodium chan-

nels in the cortex pyramidal neurons. A characteristic feature of Nav1.9 channels is activation at voltages 

close to — 70 mV. Therefore, they do not participate directly in the action potential but contribute to the 

regulation of the resting membrane potential. Their physiological role is modulation of cell excitability. 

The aim of the study was to investigate, with the use of patch clamp technique, the dependence of the 

activation thresholds of TTX–resistant sodium currents on the concentration of extracellular calcium in 

medial prefrontal cortex pyramidal neurons in rats.

Results: The recorded values of the threshold of the voltage-dependent sodium currents were in the range 

of -65 mV to -75 mV. This suggests that the sodium currents may result from the presence of Nav1.9 

channels in the rat pyramidal neurons. The threshold for the activation of sodium currents depended on 

the concentration of Ca2+. Increasing the concentration of calcium ions in the extracellular solution by 

5 mM caused the depolarizing shift in the activation potential by about 10 mV. The effect of calcium ion 

concentration on the potential of TTX-resistant currents activation suggests that Nav1.9 channels are 

modulated by extracellular Ca2+ concentration. 

Conclusions: The study has experimentally confirmed that TTX-resistant channels are present in the cell 

membrane of the rat prefrontal cortex pyramidal neurons and may, therefore, take a physiological role 

in the conductivity of sodium currents in a manner dependent on the concentration of extracellular ions.

Keywords: sodium currents TTX-resistant, Nav1.9 ion channel, pyramidal neurons, patch-clamp

Med Res J 2019; 4 (1): 35–40

INTRODUCTION

Sodium channels present in cell membranes enable 
sodium ions to flow into the cytoplasm, thus increasing 
the electric potential of the membrane or depolarization. 
This phenomenon is a key element of many physiolog-
ical processes, one of the most important of which is 
generation and transmission of neural impulses, includ-
ing those related to pain. Sodium channels comprise 
a varied group, with individual members having sepa-
rate coding genes, their specific opening and closing 
kinetics, as well as location and physiological functions. 

The voltage-gated Nav1.9 sodium channel is 
formed by an a subunit coded by the SCN11A gene. 
It is preferentially expressed in neurons of dorsal root 
ganglia (DRG), trigeminal ganglion neurons and in the 

enteric nervous system [1, 2]. The relation between 
Nav1.9 channels and pain is confirmed by cases of peo-
ple with mutations of this channel, suffering from neu-
ropathic pain [3, 4]. Mutations of this channel caused 
depolarization of resting potential of neurons, facilitating 
spontaneous generation of action potentials. On the 
other hand, mutations of this channel were also found 
in people who did not perceive pain e.g. upon frac-
tures or injuries [5]. Nav1.9 channels are activated at 
the potential of approximately -70 mV, which is lower 
than activation potential for other voltage-gated sodium 
channels, are inactivated slowly, i.e. the sodium current 
disappears slowly over the duration of the activating 
stimulus and is resistant to TTX (tetrodotoxin), a blocker 
of most voltage-gated sodium channels. Because of 
this characteristic, it is thought that Nav1.9 channels 
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regulate the excitability of pain receptors and are an 
important element in the transmission of pain signals 
to the central nervous system [1, 6].

It was accepted until recently that Nav1.9 channels 
are absent in the central nervous system [7], however, 
the presence of the Nav1.9 protein was proven in py-
ramidal neurons of the V layer of prefrontal cortex in 
rats using confocal microscopy and Nav1.9 antibody 
labelling [8, 9]. Previous studies showed that TTX-re-
sistant sodium current in pyramidal neurons of rat 
cortex displays characteristics typical for Nav1.8 and 
Nav1.9 channels [9, 10]. Thus, depending on the 
patch clamp protocol used, it may be a result of cur-
rents from both these channels. The Nav1.9 channel 
probably impacts the membrane potential of pyramidal 
cells because of the fact that its activation potential is 
close to the resting potential of the cell [8]. The goal 
of this work was to study the influence of extracellular 
calcium on the activation threshold of TTX-resistant 
sodium currents in such cells using the patch clamp 
technique. This means that the study of calcium influ-
ence on TTX-resistant currents, a component of which 
includes currents conducted by the Nav1.9 channel is 
a study on the mechanism in which calcium regulates 
the excitability of pyramidal cells. 

Under physiological conditions, the concentration of 
calcium in blood varies in the range between 2.25 mM 
and 2.75 mM. Approximately half of the calcium exists 
in a free ionized form. The influence of chances to cal-
cium concentration on the excitability of the nervous 
system is proven by symptoms related to hypo- and 
hypercalcemia. There are many typical, neurological 
symptoms of hypocalcemia. Typical symptoms include 
tingling, tetany and muscle contractions. Severe hypo-
calcemia may cause seizures [11–16] or be responsible 
for the paradoxical reaction (seizure intensification) to 
phenytoin administered as an anti-seizure medication 
[17]. Neurological and neuromuscular symptoms of 
hypercalcemia yield a different clinical picture and in-
clude changes such as drowsiness, coma, decreased 
muscle strength, adynamia or periodic muscle paralysis 
[18]. The listed symptoms indicate that hypocalcemia 
is the cause of symptoms related to neuromuscular 
hyperexcitability, while hypercalcemia is the cause 
of decreased neuronal or neuromuscular excitability. 
Mechanisms responsible for increased excitability of 
the nervous system in hypocalcemia or for decreased 
excitability in hypercalcemia are not fully known [19]. 

Studies performed on brain slices indicate that 
a decrease of calcium concentration in the extracellular 
solution stimulates spontaneous neural activity. It was 
shown that pre-incubation of samples in a solution with 
low calcium concentration in the presence of synaptic 
transmission inhibitors results in spontaneous nonsyn-
aptic epileptiform activity, increased resting potential 

of the cells and a decrease of the action potential 
activation threshold [20–22]. On the contrary, pre-in-
cubation of brain slices in a solution with increased 
calcium concentration inhibits spontaneous neural 
activity caused by the increased K+ concentration [23]. 
These observations indicate that calcium regulates the 
activity of ion channels engaged in the determination of 
resting potential and of channels responsible for action 
potential generation. In this work, we have studied if and 
how an increase of extracellular calcium concentration 
influences the activation potential of TTX-resistant 
currents. The study was performed on freshly isolated 
and enzymatically/mechanically dispersed pyramidal 
neurons of the rat medial prefrontal cortex [24].

Material and methods

The study was performed on slices of the medial 
prefrontal cortex of 3 weeks old male Wistar rats. After 
application of anaesthesia using ethyl chloride and 
decapitation, the brain was placed in liquid cooled 
down to 0°C, with the following composition (mM): 
saccharose 234, HEPES 15, glucose 11, MgSO4 4, 
KCl 2.5, ascorbic acid 1, NaH2PO4 1. The part of the 
brain containing frontal lobes was cut into 300 μm-
thick slices in a vibratome and placed in a liquid kept 
at room temperature, with the following composition 
(mM): NaCl 118, NaHCO3 25, glucose 6, MgSO4 3, 
KCl 2.5, NaHPO4 1,25, CaCl2 0,5, glutathione 0.01, 
saturated with carbogen (95% O2, 5% CO2). The slices 
were incubated in this solution for 1–6 hours. In order 
to isolate individual pyramidal neurons, the slices were 
placed in a solution with the following composition 
(mM): sodium isothioate 140, glucose 20, HEPES 15, 
MgCl2 4, KCl 2, CaCl2, a part of the prefrontal cortex 
was cut out and subjected to enzymatic activity in the 
same liquid containing added protease (20 μg/20 ml) 
for 20 minutes at 33–37°C. Parts of the prefrontal cortex 
were mechanically dispersed using a glass pipette. The 
cell suspension was placed in a patch clamp recording 
chamber, on a glass pre-coated with Poly-L-lysine (Sig-
ma-Aldrich). Electrophysiological tests were performed 
after approximately 5 minutes.

The functional study of TTX-resistant channels 
used the patch clamp technique in the whole-cell 
configuration, which enables recording of currents 
from the whole cell. The research setup included an 
Axopatch 1D amplifier, a digital-analog converter Digi-
data 1440A, a computer and a reverse microscope 
Olympus IX71. The pClamp10 program (Molecular 
Devices, USA) was used to record and analyse the 
data. A silver chloride measurement electrode was 
placed inside a pipette containing solution with the 
following composition (mM): CsF 110, CsCl 20, NaCl 
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10, HEPES 10, MgCl2 2, EGTA 2. The extracellular 
solution included (mM): NaCl 130, TEA-Cl 30, HEPES 
10, MgCl2 2, CaCl21,5, 4AP 1, CdCl2 0.1. This solution 
was replaced in individual experiments with an identical 
liquid containing TTX (0.5 µM) or:
A)	 a solution with low sodium ion concentration, in 

which the control 130 mM NaCl was replaced with 
a mixture of 10 mM NaCl and 120 mM choline,

B)	 an extracellular solution with increased Ca2+ 
concentration of 6.5 mM and CdCl2 concentration 
of 0.2 mM. All solutions, in which currents were 
recorded contained CdCl2 and, if TTX-resistant 
currents were recorded, also 0.5 µM TTX. Cadmi-
um was added in order to block calcium channels.

Once a high resistance connection was established 
between the measurement pipette and the cell mem-
brane („giga seal”), the membrane was ruptured and 
if the resistance of the connection between the pipette 
and the cell and pipette resistance were satisfactory (> 
300 MΩ and < 10 MΩ, respectively), cellular currents 
were recorded. In order to record the current, a linearly 
increased potential in the range between -110 mV and 
80 mV and with the slope of 0.25 mV/ms was applied 
to the cell membrane. The potential value between 
recordings was maintained at -70 mV. A brief (500 ms) 
potential impulse of -110mV was applied before the 
recording in order to remove the inactivation of sodi-
um channels. All measurements were performed at 
room temperature.

Before the analysis of TTX-resistant currents, the 
linear component corresponding to leak current was 
subtracted from the recorded current, Fig. 1.

The statistical analysis employed: 
C)	 the Shapiro-Wilk test and the Kolmogorov–Smirn-

ov test in order to verify the hypothesis of conformi-
ty of the distribution of the studied characteristics 
with a normal distribution;

D)	 the t-Student test for dependent samples in order 
to verify the hypothesis of statistically significant 
differences between the Imax and Vact values re-
corded under different experimental conditions;

E)	 Wilcoxon signed-rank test, in order to verify the 
hypothesis of significant differences between the 
recorded values, if the distribution of the tested 
characteristic did not conform to a normal distri-
bution;

The analysis was performed on current recordings 
performed on 13 pyramidal neurons obtained from 
5 rats.

Results

The tested cells displayed intracellularly oriented 
currents, some of which were resistant to TTX (Fig. 2A).  

If TTX was absent in the extracellular solution, the 
recordings showed quickly activated and inactivated 
sodium currents characteristic for action potentials and 
slowly activated and inactivated currents susceptible 
to TTX (Fig. 2B). 

TTX-resistant currents depended on the concentra-
tion of sodium ions (Fig. 3). The extracellular solution 
with low Na+ concentration (choline was the main cation 
in the solution) showed an amplitude of the peak TTX-re-
sistant current (Imax) lower than in the control solution 
(30.8 ± 10.5 pA vs. 87.7 ± 15.5 pA, respectively, n = 13, 
p < 0.05). The activation potential of the TTX-resistant 
current (Vact) was -74.8 ± 2.0 mV in the control solution. 

Figure 1. Voltage ramp (from –110 mV to 60 mV) was applied  
to evoke sodium currents. The leak currents were fitted by 
a line to the portion of the current that was more negative 
than -80 mV and then subtracted. The arrow indicates 
the threshold of the voltage-dependent component of the 
inward current.

Figure 2. The effect of TTX on the sodium currents. Voltage 
ramp: from -75 mV (left) to 30 mV(right). A — 0.5 µM  
TTX, B — no TTX added.
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The TTX-resistant solution was characterised by slow 
activation and slow inactivation.

An increase of the extracellular Ca2+ concentration 
from 1.5 to 6.5 mM did not result in statistically signif-
icant differences in the values of the peak current Imax 
(63.2 ± 23.5 pA vs. 96.0 ± 51.9 pA, n = 6, p > 0.5), but it 
influenced the activation potential significantly. The acti-
vation potential was: -69.0 ± 3.5 mV for the control sam-
ple and -59.0 ± 3.4 mV for 6.5 mM Ca2+. An increase of 
the Ca2+ concentration by 5 mM resulted in a statistically 
significant (t-Student test for dependent samples, n = 6, 
p < 0.05) increase of the activation potential by 10 mV 
on average, what constituted approximately 15% of 
the initial value of the activation potential. An increase 
of the Ca2+ concentration shifted the activation of the 
TTX-resistant current by 10 mV towards less negative 
potential values on average, namely, channel activation 
required a more depolarised membrane. 

Several attempts at recording sodium currents in 
calcium-free solution (0 mM Ca2+, 0.1 mM EGTA) were 
undertaken. Recording in calcium-free solution failed 
because of the quick loss of tightness of the pipette-cell 
seal at negative pipette potentials. 

Discussion

The presented results show that in pyramidal neu-
rons of the prefrontal cortex of rats are present currents 
which are: TTX-resistant, dependent on sodium ion con-
centrations, slowly activated and inactivated, with low 
activation potential. These features are characteristic 
for sodium current transmitted by the Nav1.9 channels 
[6]. Expression of TTX-resistant channels (Nav1.9 and 
Nav1.8) and their activity (presence of TTX-resistant 
currents with different activation potentials) was already 
shown before in pyramidal neurons of the prefrontal 
cortex of rats [8–10]. Thus, our electrophysiological 

studies provide additional confirmation of the presence 
of functional, TTX-resistant channels with low activation 
potential in pyramidal cortex neurons of rats. So far, no 
proofs confirming the presence of these channels in the 
prefrontal human cortex are available.

The influence of extracellular calcium on activation 
of sodium channels is a phenomenon observed for 
voltage-gated sodium channels, sensitive to TTX [25]. 
The occurrence of a similar phenomenon in TTX-resis-
tant channels indicates that the activity of calcium ions 
is non-specific. 

The mechanism of extracellular calcium impact on 
sodium channels has not been clearly explained before. 
One of the proposed mechanisms is the mechanism 
in which the membrane potential is shielded by Ca2+ 
ions attracted to the membrane surface by negative 
membrane charges (e.g. hydrophilic phospholipids and 
membrane proteins). This mechanism was proposed by 
Hill [26, 27]. In the case of the proposed mechanism, 
calcium ions disrupt the operation of the sodium chan-
nel membrane potential sensors through neutraliza-
tion/shielding of membrane anionic groups. However, 
this mechanism has not been confirmed in studies 
on the functioning of potassium delayed rectifier KDR 
channels [26]. The cited work showed that extracellular 
calcium does not influence the functioning of the KDR 
channels. Thus, screening of the potential by calcium 
ions would not apply to the aforementioned channel 
and it should be a mechanism equally applicable to Na+ 
and K+ channels. A different action mechanism was pro-
posed for Ca2+ ions by Armstrong and Cot [28]. They 
suggested that calcium binds to the channel protein with 
affinity different in the case of open and closed channel. 
If the closed channel shows higher affinity to Ca2+ than 
the open channel, a transition between the closed and 
the open state would be more difficult if calcium binds 
to the channel. At high calcium concentrations, this 
would result in a shift of the activation threshold towards 
depolarization. This model was confirmed for selected 
channels in studies by Boccaccio et al. [25]. It seems, 
however, that more studies should be performed to 
verify the described models. 

Despite the fact that we are unable to specify the 
mechanism of calcium activity influencing TTX-resistant 
sodium channels, we showed that these are currents 
susceptible to the concentration of extracellular calcium. 
A calcium concentration increase of 5 mM results in 
a shift of the activation potential towards depolarization 
by 10 mV. 

Sodium channels with low activation threshold po-
tentials and slow inactivation do not play a significant 
role in the conduction of activation potential, however, 
they are important in the regulation of resting potential 
and influence cell excitability [6]. The significance of 
the influence of the observed shift in the activation 

Figure 3. The effect of reducing the sodium concentration 
on the recorded currents. Voltage ramp: from -110 mV 
(left) to 60 mV(right). A — 10 mM Na+; B — 130 mM 
Na+. TTX (0,5 μM) was present in A and B.
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threshold of TTX-resistant currents should be explained 
in studies on the influence of calcium on the resting 
potential of cells. The resting potential is determined 
with a significant contribution of other channels, mainly 
potassium leak channels. It is known that intracellular 
calcium blocks some of such channels [29]. In ad-
dition to the leak potassium channels, sodium leak 
channels (NALCN) also influence membrane potential. 
These channels are blocked by extracellular calcium in 
a G-protein dependent mechanism [30]. 

Prefrontal cortex plays an important role in planning, 
initiating and controlling undertaken activities. This area 
participates on attention focusing and is responsible 
for working memory [31]. This is confirmed by stud-
ies on animals which indicate, that prefrontal cortex 
neurons control fear-related memory, natural fear and 
working memory [32–34]. Functional disruptions of 
the prefrontal cortex are observed in neuropsychiatric 
conditions, such as depression [35], bipolar disorder 
[36], anxiety [37], anti-social behaviour disorders [38] 
and schizophrenia. Nav1.9 channels could influence 
prefrontal cortex functions through the influence on 
neural excitability. The presented study contributes to 
future studies on mechanisms controlling the activity of 
TTX-resistant channels in the central nervous system. 
It also indicates that TTX-resistant currents in DRG 
neurons may also be regulated by the concentration 
of extracellular calcium. 

Conclusions

The experimental study confirmed that TTX-resistant 
channels are present in cell membranes of pyramidal 
neurons of the medial prefrontal cortex of rats and 
may thus play a physiological role in the transmission 
of sodium currents dependent on the concentration of 
calcium ions in the extracellular solution.

References

1.	 Dib-Hajj SD, Black JA, Waxman SG. NaV1.9: a sodium channel 
linked to human pain. Nat Rev Neurosci. 2015; 16(9): 511–519, 
doi: 10.1038/nrn3977, indexed in Pubmed: 26243570.

2.	 Fang X, Djouhri L, Black JA, et al. The presence and role of the 
tetrodotoxin-resistant sodium channel Na(v)1.9 (NaN) in no-
ciceptive primary afferent neurons. J Neurosci. 2002; 22(17): 
7425–7433, doi:  10.1523/jneurosci.22-17-07425.2002, indexed in 
Pubmed: 12196564.

3.	 Hockley JRF, Winchester WJ, Bulmer DC. The voltage-gated sodium 
channel NaV 1.9 in visceral pain. Neurogastroenterol Motil. 2016; 28(3): 
316–326, doi: 10.1111/nmo.12698, indexed in Pubmed: 26462871.

4.	 Huang J, Han C, Estacion M, et al. PROPANE Study Group. Gain-of-
-function mutations in sodium channel Na(v)1.9 in painful neuropathy. 
Brain. 2014; 137(Pt 6): 1627–1642, doi: 10.1093/brain/awu079, indexed 
in Pubmed: 24776970.

5.	 Phatarakijnirund V, Mumm S, McAlister WH, et al. Congenital insensitivi-
ty to pain: Fracturing without apparent skeletal pathobiology caused by 
an autosomal dominant, second mutation in SCN11A encoding volta-

ge-gated sodium channel 1.9. Bone. 2016; 84: 289–298, doi: 10.1016/j.
bone.2015.11.022, indexed in Pubmed: 26746779.

6.	 Herzog RI, Cummins TR, Waxman SG. Persistent TTX-resistant Na+ 
current affects resting potential and response to depolarization in simu-
lated spinal sensory neurons. J Neurophysiol. 2001; 86(3): 1351–1364, 
doi: 10.1152/jn.2001.86.3.1351, indexed in Pubmed: 11535682.

7.	 Cardoso FC, Lewis RJ. Sodium channels and pain: from to-
xins to therapies. Br J Pharmacol. 2018; 175(12): 2138–2157, 
doi: 10.1111/bph.13962, indexed in Pubmed: 28749537.

8.	 Kurowski P, Gawlak M, Szulczyk P. Muscarinic receptor control of 
pyramidal neuron membrane potential in the medial prefrontal cortex 
(mPFC) in rats. Neuroscience. 2015; 303: 474–488, doi: 10.1016/j.
neuroscience.2015.07.023, indexed in Pubmed: 26186898.

9.	 Gawlak M, Szulczyk B, Berłowski A, et al. Age-dependent expres-
sion of Nav1.9 channels in medial prefrontal cortex pyrami-
dal neurons in rats. Dev Neurobiol. 2017; 77(12): 1371–1384, 
doi: 10.1002/dneu.22537, indexed in Pubmed: 28913981.

10.	 Szulczyk B, Nurowska E. Valproic acid inhibits TTX-resistant sodium 
currents in prefrontal cortex pyramidal neurons. Biochem Biophys Res 
Commun. 2017; 491(2): 291–295, doi:  10.1016/j.bbrc.2017.07.109, 
indexed in Pubmed: 28739252.

11.	 Erdeve O, Atasay B, Arsan S, et al. Hypocalcemic seizure due to 
congenital rickets in the first day of life. Turk J Pediatr. 2007; 49(3): 
301–303, indexed in Pubmed: 17990585.

12.	 Tsai PL, Lian LM, Chen WH. Hypocalcemic seizure mistaken for idio-
pathic epilepsy in two cases of DiGeorge syndrome (chromosome 
22q11 deletion syndrome). Acta Neurol Taiwan. 2009; 18(4): 272–275, 
indexed in Pubmed: 20329596.

13.	 Milman S, Epstein EJ. Proton pump inhibitor-induced hypocalcemic 
seizure in a patient with hypoparathyroidism. Endocr Pract. 2011; 17(1): 
104–107, doi: 10.4158/EP10241.CR, indexed in Pubmed: 21041166.

14.	 El Asri AC, Akhaddar A, Baallal H, et al. Hypocalcemic seizure in 
adult: rare cause of lumbar fracture. Clin Neurol Neurosurg. 2012; 
114(6): 738–740, doi:  10.1016/j.clineuro.2011.12.015, indexed in 
Pubmed: 22280986.

15.	 Kidwell KS, Kopp WE, Albano EA, et al. J Pediatr Hematol Oncol. 2014; 
36(4): 305–307, doi:  10.1097/MPH.0b013e318282d99c, indexed in 
Pubmed: 23426003.

16.	 Korkmaz HA, Dizdarer C, Ecevit CO. Hypocalcemic seizure in 
an adolescent with Down syndrome: a manifestation of unrecogni-
zed celiac disease. Turk J Pediatr. 2013; 55(5): 536–538, indexed in 
Pubmed: 24382537.

17.	 Ali FE, Al-Bustan MA, Al-Busairi WA, et al. Loss of seizure control due to 
anticonvulsant-induced hypocalcemia. Ann Pharmacother. 2004; 38(6): 
1002–1005, doi: 10.1345/aph.1D467, indexed in Pubmed: 15084684.

18.	 Kokot F. Zaburzenia Gospodarki Wodno-Elektrolitowej i Kwasowo-
-Zasadowej. PZWL, Wydanie II, Warszawa. ; 2007.

19.	 Han P, Trinidad BJ, Shi J. Hypocalcemia-induced seizure: 
demystifying the calcium paradox. ASN Neuro. 2015; 7(2), 
doi: 10.1177/1759091415578050, indexed in Pubmed: 25810356.

20.	 Roper SN, Obenaus A, Dudek FE, et al. Osmolality and nonsynaptic 
epileptiform bursts in rat CA1 and dentate gyrus. Ann Neurol. 1992; 31(1): 
81–85, doi: 10.1002/ana.410310115, indexed in Pubmed: 1543352.

21.	 Bikson M, Baraban SC, Durand DM. Conditions sufficient for nonsy-
naptic epileptogenesis in the CA1 region of hippocampal slices. J 
Neurophysiol. 2002; 87(1): 62–71, doi: 10.1152/jn.00196.2001, indexed 
in Pubmed: 11784730.

22.	 Wang T, Wang J, Cottrell JE, et al. Small physiologic changes in calcium 
and magnesium alter excitability and burst firing of CA1 pyramidal 
cells in rat hippocampal slices. J Neurosurg Anesthesiol. 2004; 
16(3): 201–209, doi: 10.1097/00008506-200407000-00004, indexed 
in Pubmed: 15211157.

23.	 Isaev D, Ivanchick G, Khmyz V, et al. Surface charge impact in low-
-magnesium model of seizure in rat hippocampus. J Neurophysiol. 
2012; 107(1): 417–423, doi:  10.1152/jn.00574.2011, indexed in 
Pubmed: 22031777.

24.	 Sławińska K. Charakterystyka prądów TTX-opornych w neuronach 
piramidowych kory przedczołowej szczura. Praca magisterska. War-
szawski Uniwersytet Medyczny. 2016.

25.	 Boccaccio A, Moran O, Conti F. Calcium dependent shifts of Na+ 
channel activation correlated with the state dependence of cal-
cium-binding to the pore. Eur Biophys J. 1998; 27(6): 558–566, 
doi: 10.1007/s002490050166, indexed in Pubmed: 9791938.

26.	 Hille B. Charges and potentials at the nerve surface. Divalent ions and 
pH. J Gen Physiol. 1968; 51(2): 221–236, doi: 10.1085/jgp.51.2.221, 
indexed in Pubmed: 5641636.

27.	 Hille B, Woodhull AM, Shapiro BI. Negative surface charge near 
sodium channels of nerve: divalent ions, monovalent ions, and 

http://dx.doi.org/10.1038/nrn3977
https://www.ncbi.nlm.nih.gov/pubmed/26243570
http://dx.doi.org/10.1523/jneurosci.22-17-07425.2002
https://www.ncbi.nlm.nih.gov/pubmed/12196564
http://dx.doi.org/10.1111/nmo.12698
https://www.ncbi.nlm.nih.gov/pubmed/26462871
http://dx.doi.org/10.1093/brain/awu079
https://www.ncbi.nlm.nih.gov/pubmed/24776970
http://dx.doi.org/10.1016/j.bone.2015.11.022
http://dx.doi.org/10.1016/j.bone.2015.11.022
https://www.ncbi.nlm.nih.gov/pubmed/26746779
http://dx.doi.org/10.1152/jn.2001.86.3.1351
https://www.ncbi.nlm.nih.gov/pubmed/11535682
http://dx.doi.org/10.1111/bph.13962
https://www.ncbi.nlm.nih.gov/pubmed/28749537
http://dx.doi.org/10.1016/j.neuroscience.2015.07.023
http://dx.doi.org/10.1016/j.neuroscience.2015.07.023
https://www.ncbi.nlm.nih.gov/pubmed/26186898
http://dx.doi.org/10.1002/dneu.22537
https://www.ncbi.nlm.nih.gov/pubmed/28913981
http://dx.doi.org/10.1016/j.bbrc.2017.07.109
https://www.ncbi.nlm.nih.gov/pubmed/28739252
https://www.ncbi.nlm.nih.gov/pubmed/17990585
https://www.ncbi.nlm.nih.gov/pubmed/20329596
http://dx.doi.org/10.4158/EP10241.CR
https://www.ncbi.nlm.nih.gov/pubmed/21041166
http://dx.doi.org/10.1016/j.clineuro.2011.12.015
https://www.ncbi.nlm.nih.gov/pubmed/22280986
http://dx.doi.org/10.1097/MPH.0b013e318282d99c
https://www.ncbi.nlm.nih.gov/pubmed/23426003
https://www.ncbi.nlm.nih.gov/pubmed/24382537
http://dx.doi.org/10.1345/aph.1D467
https://www.ncbi.nlm.nih.gov/pubmed/15084684
http://dx.doi.org/10.1177/1759091415578050
https://www.ncbi.nlm.nih.gov/pubmed/25810356
http://dx.doi.org/10.1002/ana.410310115
https://www.ncbi.nlm.nih.gov/pubmed/1543352
http://dx.doi.org/10.1152/jn.00196.2001
https://www.ncbi.nlm.nih.gov/pubmed/11784730
http://dx.doi.org/10.1097/00008506-200407000-00004
https://www.ncbi.nlm.nih.gov/pubmed/15211157
http://dx.doi.org/10.1152/jn.00574.2011
https://www.ncbi.nlm.nih.gov/pubmed/22031777
http://dx.doi.org/10.1007/s002490050166
https://www.ncbi.nlm.nih.gov/pubmed/9791938
http://dx.doi.org/10.1085/jgp.51.2.221
https://www.ncbi.nlm.nih.gov/pubmed/5641636


40

MEDICAL RESEARCH JOURNAL 2019, vol. 4, no. 1

www.journals.viamedica.pl/medical_research_journal

pH. Philos Trans R Soc Lond B Biol Sci. 1975; 270(908): 301–318, 
doi: 10.1098/rstb.1975.0011, indexed in Pubmed: 238230.

28.	 Armstrong CM, Cota G. Calcium ion as a cofactor in Na chan-
nel gating. Proc Natl Acad Sci U S A. 1991; 88(15): 6528–6531, 
doi: 10.1073/pnas.88.15.6528, indexed in Pubmed: 1650473.

29.	 Enyeart JJ, Liu H, Enyeart JA. Calcium-dependent inhibition of adrenal 
TREK-1 channels by angiotensin II and ionomycin. Am J Physiol Cell 
Physiol. 2011; 301(3): C619–C629, doi: 10.1152/ajpcell.00117.2011, 
indexed in Pubmed: 21613605.

30.	 Lu B, Zhang Qi, Wang H, et al. Extracellular calcium controls backgro-
und current and neuronal excitability via an UNC79-UNC80-NALCN 
cation channel complex. Neuron. 2010; 68(3): 488–499, doi: 10.1016/j.
neuron.2010.09.014, indexed in Pubmed: 21040849.

31.	 Riley M, Constantinidis C. Role of Prefrontal Persistent Activity in 
Working Memory. Frontiers in Systems Neuroscience. 2016; 9, 
doi: 10.3389/fnsys.2015.00181.

32.	 Peters J, Kalivas PW, Quirk GJ. Extinction circuits for fear and addic-
tion overlap in prefrontal cortex. Learn Mem. 2009; 16(5): 279–288, 
doi: 10.1101/lm.1041309, indexed in Pubmed: 19380710.

33.	 Ohashi M, Saitoh A, Yamada M, et al. Activation of the prelimbic 
medial prefrontal cortex induces anxiety-like behaviors via N-Methyl-

-D-aspartate receptor-mediated glutamatergic neurotransmission in 
mice. J Neurosci Res. 2014; 92(8): 1044–1053, doi: 10.1002/jnr.23391, 
indexed in Pubmed: 24752881.

34.	 Goldman-Rakic PS. The physiological approach: Functional archi- 
tecture of working memory and disordered cognition in schizophrenia. 
In: Goldman-Rakic PS. ed. Biological Psychiatry.Vol 46. 1999: 650– 
–661.

35.	 Jaracz J. Anatomia depresji w świetle wyników badań neuroobrazo-
wych. Psychiatr Pol. 2008; 42(6): 875–888.

36.	 Kałwa A. Zaburzenia funkcji poznawczych w chorobie afektywnej 
dwubiegunowej. Psychiatr Pol. 2011; 45(6): 901–910.

37.	 Lehner M, Wisłowska-Stanek A, Płaznik A. Wygaszanie reakcji emo-
cjonalnej jako nowy cel farmakoterapii zaburzeń lękowych. Psychiatr 
Pol. 2009; 43(6): 639–653.

38.	 Radochoński M, Perenc ARA. Neurobiologiczne uwarunkowania 
antyspołecznych zaburzeń zachowania. Przegląd Med Uniw Rzesz. 
2009; 4: 405–410.

39.	 Negrón-Oyarzo I, Lara-Vásquez A, Palacios-García I, et al. Schi-
zophrenia and reelin: a model based on prenatal stress to study 
epigenetics, brain development and behavior. Biol Res. 2016; 49: 
16, doi: 10.1186/s40659-016-0076-5, indexed in Pubmed: 26968981.

http://dx.doi.org/10.1098/rstb.1975.0011
https://www.ncbi.nlm.nih.gov/pubmed/238230
http://dx.doi.org/10.1073/pnas.88.15.6528
https://www.ncbi.nlm.nih.gov/pubmed/1650473
http://dx.doi.org/10.1152/ajpcell.00117.2011
https://www.ncbi.nlm.nih.gov/pubmed/21613605
http://dx.doi.org/10.1016/j.neuron.2010.09.014
http://dx.doi.org/10.1016/j.neuron.2010.09.014
https://www.ncbi.nlm.nih.gov/pubmed/21040849
http://dx.doi.org/10.3389/fnsys.2015.00181
http://dx.doi.org/10.1101/lm.1041309
https://www.ncbi.nlm.nih.gov/pubmed/19380710
http://dx.doi.org/10.1002/jnr.23391
https://www.ncbi.nlm.nih.gov/pubmed/24752881
http://dx.doi.org/10.1186/s40659-016-0076-5
https://www.ncbi.nlm.nih.gov/pubmed/26968981


41www.journals.viamedica.pl/medical_research_journal

ORIGINAL ARTICLE

M Kamiński1, J Kippen1, A Gomulska1, J Smyrak1, M Karolewski2, L Bielawska3, E Wysocka3,  
M Cymerys1

1Department of Internal Medicine, Endocrinology, Diabetology, Poznan University of Medical Sciences, Grunwaldzka 16/18 , 60-780 Poznań, 
Poland 
2Cardiology Ward, John Paul II District Hospital in Trzcianka, 64-980 Trzcianka, Poland
3Department of Laboratory Diagnostics, Poznan University of Medical Sciences, Szamarzewskiego str. 82/84, 60-569 Poznan, Poland

Myonectin serum concentration 
changes after short-term physical 
activity among young, healthy people

ABSTRACT
Background: Myonectin is a myokine secreted by skeletal muscles in response to physical activity (PhA) 

in rodents. It was shown that myonectin may be positively associated with insulin resistance parameters. 

The aim of the study was to evaluate changes in the concentration of myonectin after short-term PhA.

Methods: A total of 29 young, healthy volunteers, were included in the study. Each participant completed 

a life-style questionnaire, underwent a physical examination with anthropometric measurement followed 

by a treadmill test according to theBruce protocol. Blood samples were collected before and after PhA. 

An ELISA Assay was used to investigate the myonectin serum level. 

Results: The myonectin serum level did not change significantly after PhA (0.62[0.14-2.9] vs. 1.08[0.15-2.44] 

ng/ml; p=0.84). Before PhA the myonectin serum level differed significantly between men and women 

(respectively: 3.92[2.24-5.30] vs. 0.56[0.15-1.75] ng/ml; p=0.02). Before PhA it had a positive association 

with weight, BMI, serum creatinine and uremic acid (p < 0.05). The change in the level of myonectin se-

rum after PhA had negative associations with weight, BMI, fasting insulin level and HOMA-IR (p < 0.05). 

Conclusions: Myonectin serum concentration does not change after short-term physical activity among 

young, healthy people. Changes in the myonectin serum level after short-term physical activity may be 

associated with fasting insulin resistance. 

Keywords: myonectin, physical, activity, insulin, resistance, treadmill, homa-ir
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Introduction

Myonectin (CTRP15/C1QTNF/erythroferrone) is 
a novel myokine secreted by skeletal muscles in re-
sponse to physical activity (PhA) and the rise of glucose 
and free fatty acids (FFA) in rodents [1–2]. Myonectin 
increases the expression of proteins transporting FFA 
through hepatocytes and adipocyte cell membranes, 
causing increasing serum FFA uptake [3]. Toloza et 
al. reported that myonectin level is associated with 
insulin resistance (IR) in non-diabetic adults [4]. Lim 
et al. observed that long-term, regular PhA decreases 
both the myonectin serum level and IR measured by 
the homeostasis model assessment [5]. 

It is known that short-term PhA transiently increases 
serum levels of glucose, FFA and IR6. In this context, it 
may be suspected that myonectin serum level should 
increase efter short-term PhA in humans. Currently, no 

study has yet investigated changes in myonectin serum 
level after short-term PhA in human adults.

The aim of the study was to evaluate changes in 
the concentration of myonectin after short-term phys-
ical activity.

Materials and Methods

Design

Cross-sectional, single-centre study.

Data Collection

The study group consisted of volunteers, young 
healthy people. All patients were informed about the 
study and signed an informed consent form. The study 
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protocol was approved by the local Ethic Committee 
(Bioethics Committee of Poznan University of Medi-
cal Sciences).

Inclusion and exclusion criteria

All patients who met the following criteria were in-
cluded: age between 18–26, visitworklab in fasting state, 
voluntarily signed a consent form. Exclusion criteria 
were as follows: metabolic syndrome, acute infection, 
mental disorder, congenital disease, unstable chronic 
disease, general exclusion criteria for a treadmill test. 

Clinical and laboratory data

The worklab visit took place in the morning hours 
(8:00–10:00 AM). All participants had been informed not 
to eat, drink or smoke 8 hours prior to attendance. All in-
dividuals completed a questionnaire including details of 
sex, age, smoking status and The International Physical 
Activity Questionnaire (IPAQ) — a validated question-
naire used to assess weekly PhA expressed as a total 
weekly metabolic equivalent of the task (MET) [7]. The 
patients underwent a complete physical examination 
with anthropometric measurements (weight, height, 
waist circumference) and blood pressure check. Blood 
pressure was measured three times by the Korotkoff 
method in the sitting position, after 10 minutes rest, 
using a mercury manometer. Blood pressure was 
additionally measured after 6 minutes of treadmill test. 
Height and weight were measured using the same 
medical scales for all patients. Weight was measured 
to an accuracy of 100 g and height to 0,5 cm. BMI was 
calculated from the following equations: BMI = weight 
/ squared height [kg/m2].

Blood samples were collected in a fasting state 
using the S-Monovette blood collection system. Serum 
glucose, serum insulin, creatinine, uremic acid and lipid 
profile were assessed according to standard laboratory 
protocols. After the first blood sample collection and 
before the treadmill test, participants ate breakfast. 
6 minutes after the treadmill test a second blood sam-
ple was obtained to assess myonectin serum level 
after PhA. To estimate myonectin serum concentration 
Human (CTRP15/Myonectin) ELISA Kit (ElAab, China) 
was used. All steps of the assay were done according 
to the manufacturer’s instructions. Changes in the 
myonectin serum level were defined as the difference 
between myonectin serum level after and before phys-
ical activity. HOMA-IR was calculated on the basis of 
the equation [8]:

HOMA -IR = (Glucose * Insulin)/22.5
Glucose in mmol/l, Insulin in μIU/ml. 
Treadmill tests were performed by a physician 

in accordance with the Bruce protocol on Car-
diotest1612 (Aspel, Zabrzów, Poland) [9]. For inter-

pretation of the treadmill test and counting MET the 
treadmill manufacturer (Aspel, Zabrzów, Poland) 
software was used.

Statistical analysis

Statistical analysis was performed with STATIS-
TICA 12.0 (StatSoft, USA). The normality of variable 
distributions was tested using the Shapiro-Wilk test. 
For descriptive analysis, Wilcoxon test was used to 
compare the results before and after the treadmill 
test;the Mann-Whitney was performed to compare 
men and women. For comparison of binary variables, 
Fisher’s exact test was used. Differences with a p-val-
ue < 0.05 were considered statistically significant.

Results

The study group consisted of 29 participants 
(male = 10; 34.5%), the features of the group are 
presented in Table 1. All participants had myonectin 
serum levels within the assay range (0.05–15 ng/ml). 
To compare myonectin serum levels and other features 
between men and women the Mann-Whitney U test and 
Fisher’s exact test were used. 

Differences between myonectin serum level, heart 
rate, systolic and diastolic blood pressure before and 
after physical activity were presented in Table 2. The 
R Spearman rank correlation test revealed some sig-
nificant associations between myonectin serum level 
(Table 3).

Discussion

In this study, no significant change was observed 
in the myonectin serum level after short-term PhA. 
Myonectin before PhA was also associated with weight, 
BMI, serum creatinine and uremic acid. The groups of 
men and women differed significantly in age, height, 
weight, BMI, HDL-C, serum creatinine, uremic acid and 
myonectin before PhA levels. Myonectin is secreted 
by skeletal muscles. Skeletal muscle mass in young, 
healthy adults is positively correlated with weight, BMI. 
Moreover, serum creatinine and uremic acid levels are 
dependent on muscle mass [10–11]. These associa-
tions may provide a rationale for the observed results.

Myonectin in response to PhA increases the ex-
pression of CD36, fatty acid transport proteins (FATP), 
and fatty acid binding proteins (FABP) in hepatocytes 
and adipocyte, resulting in increasing FFA uptake [2]. 
It is known that myonectin is associated with IR [4–5] 
and circulating FFA induces IR [12]. It is possible that 
myonectin is secondarily upregulated in the IR state 
in order to diminish circulating FFA levels. In a young, 
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Table 1. General characteristics of the study group

Feature [units] median (IQR) / n (%) Female (n = 19)
median (IQR) / n (%)

Male (n = 10)
median (IQR) / n (%)

p-value

Smokers 4 (13.8) 2 (10).5 2 (20.0) 0.43

Age [years] 22 (20–23) 21 (20–22) 23 (22–23) < 0.01

Height [m] 1.72 (16.5–1.76) 1.69 (1.64–1.72) 1.82 (1.76–1.85) < 0.001

Weight [kg] 59 (54–78) 54 (53–59) 80 (78–86) < 0.001

BMI [kg/m2] 21.3 (19.4–24.0) 20.1 (18.5–21.3) 24.0 (23.8–25.7) < 0.001

Fasting Glucose [mmol/] 5.1 (4.8–5.3) 5.1 (4.8–5.3) 5.1 (4.6–5.4) 0.80

Fasting insulin [μIU/ml] 16.1 (12.5–19.1) 16.7 (12.1–18.6) 15.2 (12.8–19.6) 0.79

HOMA-IR 3.7 (2.8–4.3) 3.7 (2.6–4.2) 3.4 (3.0–4.3) 0.98

Total Cholesterol [mmol/l] 4.4 (3.9–5.2) 4.4 (4.2–5.4) 4.0 (3.7–4.6) 0.07

HDL-C [mmol/l] 1.6 (1.4–1.9) 1.7 (1.5–2.1) 1.4 (1.2–1.7) 0.04

LDL-C [mmol/l] 2.3 (2.0–3.0) 2.3 (2.0–3.1) 2.2 (1.8–2.5) 0.35

Triglycerides [mmol/] 0.84 (0.61–1.1) 0.85 (0.63–1.1) 0.70 (0.48–0.98) 0.33

Serum Creatinine [μmol/l] 70.4 (70.3–79.6) 70.7 (61.9–70.7) 88.4 (79.6–97.3) < 0.001

Uremic Acid [μmol/l] 279.6 (243.9–339.0) 243.9 (214.1–279.6) 358.9 (339.0–395.5) < 0.001

METmax during Treadmill Test  
[kcal/kg/h]

11.8 (10.4–14.3) 11.5 (10.4–14.0) 13.9 (11.8–14.8) 0.23

IPAQ Total Weekly MET [kcal/kg/h] 3448 (1794–4730) 3842 (1794–5205) 2669 (1328–3900) 0.11

Myonectin before PhA [ng/ml] 0.67 (0.14–2.9) 0.15 (0.14–1.09) 3.92 (2.24–5.30) 0.02

Myonectin after PhA [ng/ml] 1.08 (0.15–2.44) 0.56 (0.15–1.75) 2.43 (0.78–4.00) 0.09

Change of the Myonectin Serum Level 0.01 ([–0.84] – 0.67) 0.01 ([–0.17] – 0.95) – 0.65 ([–3.38] – 0.67) 0.10

BMI — Body Mass Index, HDL-C — High-Density Lipoprotein Cholesterol, HOMA-IR — Homeostatic Model Assessment Measuring Insulin Resist-
ance, IPAQ — The International Physical Activity Questionnaire, IQR — Interquartile Range, LDL — Low-Density Lipoprotein Cholesterol, MET — 
Metabolic Equivalent of Task, METmax — Maximal MET

Table 2. Wilcoxon test outcomes 

Before Physical Activity median 
(IQR)

After Physical Activity median 
(IQR)

p value

Myonectin [ng/ml] 0.67 (0.14–2.9) 1.08 (0.15–2.44) 0.84

Systolic Blood Pressure [mmHg] 115 (110–124) 120 (112–124) 0.20

Diastolic Blood Pressure [mmHg] 75 (70–80) 72 (70–80) 0.28

Heart Rate [bpm] 82 (78–93) 96 (91–100) < 0.001

healthy population with no presence of metabolic 
syndrome, the release of myonectin might be too low 
and/or slow in comparison with patients with IR to ob-
serve any significant change in myonectin serum level 
in 6 minutes after short-term PhA. 

Interestingly, the change in the myonectin serum 
level after short-term PhA was negatively associated 
with both insulin in fasting state and HOMA-IR. Toloza et 
al. studied 81 non-diabetic adults and assessed the as-
sociation between insulin resistance direct and indirect 
markers and myokines [4]. Fasting myonectin adjusted 
to BMI, age and sex were found to be negativelyasso-
ciated with the Insulin Sensitivity Index (standardized 

beta = -0.235, p = 0.023). The authors did not report 
any significant association with HOMA-IR. Lim et al. 
investigated the effects of 1-h per week of aerobic phys-
ical activity lasting 10-weeks on myonectin and insulin 
resistance in 14 young (22.5 ± 2.7years) and 14 older 
(60.3 ± 5.2 years) women [5]. Before the training 
apositive correlation between HOMA-IR and myonectin 
serum level was found only in older women in fasting 
state at rest (r = 0.35; p < 0.05). After 10-weeks of train-
ing, changes in HOMA-IR and changes in myonectin 
were positively correlated (r = 0.462; p < 0.01) in both 
groups. Both the aforementioned studies demonstrated 
a positive dependence between insulin resistance and 
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Table 3. Associations between study features and myonectin serum level

Feature [units] Myonectin Before Physical 
Activity [ng/ml]

Myonectin After Physical 
Activity [ng/ml]

Change of the Myonectin 
Serum Level [ng/ml]

Rs p-value Rs p-value Rs p-value

Age [years] 0.33 0.08 0.24 0.22 –0.14 0.47

Height [m] 0.30 0.11 0.35 0.07 –0.08 0.68

Weight [kg] 0.38 0.04 0.21 0.29 –0.41 0.03

BMI [kg/m2] 0.40 0.03 0.19 0.31 –0.47 0.01

Fasting Glucose [mmol/] 0.07 0.71 0.13 0.50 –0.03 0.88

Fasting insulin [μIU/ml] 0.09 0.64 –0.25 0.19 –0.38 0.04

HOMA-IR 0.15 0.45 –0.21 0.29 –0.43 0.02

Total Cholesterol [mmol/l] –0.01 0.95 0.19 0.32 0.20 0.30

HDL-C [mmol/l] –0.21 0.28 0.04 0.84 0.21 0.28

LDL-C [mmol/l] 0.13 0.49 0.30 0.11 0.15 0.44

Triglycerides [mmol/] –0.12 0.55 –0.35 0.06 –0.23 0.22

Serum Creatinine [μmol/l] 0.40 0.03 0.32 0.09 –0.32 0.09

Uremic Acid [μmol/l] 0.41 0.03 0.43 0.02 –0.17 0.38

METmax during Treadmill  
Test [kcal/kg/h]

0.16 0.41 0.04 0.84 –0.20 0.30

IPAQ Total Weekly MET  
[kcal/kg/h]

–0.06 0.78 –0.07 0.71 0.01 0.10

BMI — Body Mass Index, HDL-C — High-Density Lipoprotein Cholesterol, HOMA-IR — Homeostatic Model Assessment Measuring Insulin Resist-
ance, IPAQ — The International Physical Activity Questionnaire, IQR — Interquartile Range, LDL — Low-Density Lipoprotein Cholesterol, MET — 
Metabolic Equivalent of Task, METmax — Maximal MET

myonectin. In our study, no such association was found. 
However, the negative association between changes 
in the myonectin serum level after PhA and simultane-
ously no significant change in myonectin serum level 
after PhA is intriguing. The change in myonectin serum 
level is highest among young volunteers with the lowest 
HOMA-IR value in the fasting state. It is possible that in 
those groups an increase of myonectin is more rapid 
than in the group characterized by higher HOMA-IR 
values. However, this possible phenomenon requires 
more detailed studies. 

This study has several limitations. Firstly, we 
included only 29 volunteers in the study. Secondly, 
no additional data such as body composition or 
FFA were collected. Body composition analysis may 
reveal a potential association between myonectin 
serum level and muscle mass. Finally, we have not 
collected blood samples after a longer period of time 
than 6 minutes.

In conclusion, myonectin serum concentration does 
not change after short-term physical activity among 
young, healthy people. Myonectin serum level may 
be associated with muscle mass in a young, healthy 
population. Changes in myonectin serum level after 
short-term physical activity may be associated with 
fasting insulin resistance. 
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Effectiveness of Krishna Laddoo  
in treating malnutrition  
in anganwadi children 

ABSTRACT
Background: This was a prospective pilot study to estimate the burden of malnutrition in the age group 

of 2.5–5 years and to evaluate the usefulness of dietary changes in them. This research was conducted 

by the Department of Paediatrics Krishna Institute of Medical Sciences, Karad in selected Anganwadi 

at Rethare Bk., This study was undertaken to combat the issue of malnutrition of children’s in the age 

group of 2.5 to 5 years. According to WHO-Moderate Acute Malnutrition is defined by a weight-for-height 

indicator between -3 and -2 z-scores (standard deviations) of the international standard or by a mid-upper 

arm circumference (MUAC) between 11 cm and 12.5 cm. Severe Acute Malnutrition is defined by very low 

weight for height below -3z scores of the median WHO growth standards by visible severe wasting. The 

children identified with SAM & MAM were started on a high nutrition laddu called the Krishna laddu which 

was specially designed by the Krishna Institute of Medical Sciences Deemed To be University to cater 

to the deficiencies in malnourished children. The aim of the study was to determine the effectiveness of 

Krishna laddu in treating malnutrition in children aged between 2.5–5 years. 

Methods: This was a prospective study. Total of 43 children attending the 2 selected anganwadi adopted 

by the Krishna Institute of Medical Sciences, Karad (aged between 2.5–5 years) were screened for mal-

nutrition and graded according to Severe Acute Malnutrition and Moderate Acute Malnutrition and were 

given Krishna Laddu on a daily basis. Their anthropometry was serially recorded on a weekly basis over  

a period of 1.5 years to determine the effectiveness of the Krishna Laddu in improving the nutritional status 

in the malnourished children. 

Results: The prevalence rate of malnutrition was 23% (21% MAM and 2% SAM) in the children aged between 

2.5–5 years the given population which was reduced to 8% MAM after their diet was added with Krishna Laddu. 

Conclusions: Krishna Laddu proved to be beneficial in the nutritional rehabilitation of malnourished children. 

The highlights of this research were: 1) early identification of malnutrition 2) prompt initiation of a nutritious 

diet to improve outcome 3) serial monitoring of these children to plot the outcome. 4) All the ingredients 

used for making the laddu are easily available in the kitchen. 5) The preparation is low cost, making it 

feasible for use in any setup. 

Keywords: Krishna Laddu, SAM, MAM, MUAC.
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Introduction

Malnutrition kills 5 million children every year. Ade-
quate nutrition is critical to child development, especially 
in the formative years, from 2.5 to 5 years of as it can 
shape the child’s growth, health and development. At 
this age, children are particularly vulnerable to growth 
retardation, micronutrient deficiencies and common 
childhood illnesses such as malnutrition, diarrhoea, 

pneumonia and acute respiratory infections. In devel-
oping countries, children are vulnerable to malnutrition 
because of low dietary intakes, high incidence of infec-
tious diseases, lack of appropriate care and inequitable 
distribution of food within the household. Hence this 
study is very important.

According to WHO, India contributes to about 21% 
of the global burden of child deaths. The under-five 
mortality rate (U5MR) for India in 2011 has been es-
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timated as 55 per 1000 live births [1]. Malnutrition is 
the direct or indirect cause in up to 50% under-five 
deaths. About 25% of children under-five in the world 
are underweight, and in India, the underweight prev-
alence rate is at 43%. Also, the prevalence of wasting 
in India is about 20%, requiring an urgent response 
[2–3]. According to the NFHS-3 in the year 2015–2016, 
the trends in children’s nutritional status in India was 
38% were stunted (too short for age), 19% were wasted 
(too thin for height), 46% were underweight (too thin 
for age) [4]. These figures are certainly alarming and 
warrant intervention.

The Krishna Laddu Project is a well-intentioned at-
tempt at improving the health of children living in a rural 
background and also for peoples living in poor condi-
tion. The approach is innovative, though there have 
been similar projects and locally focused. Additionally, 
the project design is largely solid and well thought out. 
The laddus are a well-chosen and thought-out supple-
ment, they reduce the deficit in the child’s nutrition by 
giving a significant supplement to both the calorie and 
protein intake. Their simple recipe (requiring minimal 
cooking time) and long-lasting nature make them very 
well suited to storage. Additionally, the use of readily 
available, cheap ingredients is excellent. Also, the 
dietary counselling contributed to the improvement in 
the nutritional status of the children.

Materials and methods

The project was carried out over a period of 
18 months with their weekly follow-up. A team consisting 
of the paediatric resident, houseman and a nurse visited 
2 Anganwadi’s at Rethare Bk. weekly to serially record 
the weight, height and MUAC of the children between 
2.5–5 years who were enrolled at their Anganwadi.

Anganwadi is a novel concept by the Government of 
India which serves as the first informal education medi-
um and a day care centre for children in this age group 
of 2.5–5 years. The children were then categorised into 
SAM/MAM according to WHO criteria.

Krishna Laddu, an innovation of the Krishna Insti-
tute of Medical Sciences, Karad was given to each of 
the SAM/MAM children daily. Friday of each week was 
chosen by for the anthropometry measurement (weight 
recorded weekly and height and mid-upper arm circum-
ference recorded every month) and for handing over 
the laddus for coming week to the health workers at the 
Anganwadi. The progress of the children was plotted 
on the WHO growth charts to note the changes in the 
anthropometry. 

The laddoo was a supplement that the children 
received in addition to the meal consumed at the angan-
wadi. Each day of the week had different meals like dal 
khichadi, upma, kheer etc. prepared by the anganwadi 
workers so as to give about 300 calories and 8-gram 
proteins to the child. 

The laddoo scored better than these meals as 
the children equated the idea of getting a laddoo to 
a treat and also because the laddoo, if not finished by 
the child in one go, could be stored and offered again 
after a while. This could not be done with the meals as 
they would turn cold and would not be appetizing to 
the child anymore. 

The ingredients of the laddu were dry roasted before 
using them. This increased the shelf life of the laddu. 
Also, at the anganwadis , the laddus were stored in air 
tight containers to prevent the moisture from making 
them less palatable to the children. This contributed to 
keeping the taste and texture of the laddus unaltered 
for about a week. 

The project also served the purpose of a health 
check-up by the pediatric resident on weekly basis. Is-
sues like de-worming, need for sanitation and hygienic 
situation, faulty cooking practices, advice with regard 
to child rearing and nutrition were addressed on the 
4th Friday of each month by holding a meeting with the 
parents under the project. The most important part of 
these sessions was the dietary counselling regarding 
a balanced diet and educating the mothers about what 
diet could help in proper nourishment of their children.

It is worth mentioning here that during the course 
of the study, the anganwadi workers were interviewed 

Contents of the Krishna Laddu

Ingredient Weight  
(gms)

Calories 
(gms)

Proteins 
(gms)

Carbs  
(gms)

Fat  
(gms)

Calcium 
(gms)

Iron  
(gms)

Soyabean powder 15 64.8 4.85 2.85 2.95 36 1.56

Ragi powder 05 16.4 0.36 3.6 0.06 17.2 0.915

Chana dal powder 05 18.0 0.85 0.28 0.26 10.1 0.23

Groundnut 05 28.2 2.0 0.27 3.71 4.42 0.31

Jaggery 20 76.6 0.08 19 0.02 16 2.28

Groundnut oil 10 90 – – 10 – –

Total 60 294 10 26 17 84 4.575
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in depth about the food habits of these children. They 
said that many parents took the meals provided at the 
anganwadis and the additional laddoo provided by us 
as a substitute for the home meals. This was a major 
fallacy as the child was deprived of their meals at home. 
The mothers were explained again that this was only 
a supplement and not a substitute for the food that the 
child received at home.

Ethical Considerations

As an intervention study involving children, the 
Laddu Project was presented before the Ethical Com-
mittee and permission was obtained from the Ethical 
Committee for the same. 

Statistical Analysis:

Descriptive statistics were used to describe the 
age and sex distribution of the children. We created 
binary outcome variables for the diagnosis of severe 
wasting using MUAC and Weight for height Z scores as 
described in the methods section. Proportions and 95% 
confidence intervals were computed to allow compari-
sons between indicators. The ages of the children were 
dichotomized to correspond to categories usually used 
in field nutrition programmes: young (age < 24 months), 
and older children (age ≥ 24 months). The prevalence 
percentage was calculated as per cut-off points of WHO 
& NFHS. The association was calculated using ANO-
VA & Student t-test. Data were analysed using SPSS 
20.0 for Windows statistical package for social science 
(International Business Machines Corporation, INDIA).

Results

43 children enrolled at the 2 anganwadis , ad-
opted by KIMSDU , were included in the study, age 
group was of 2.5–5 years i.e. 30 to 60 months, max-
imum 21 (49%) children’s were in the age group of 
51–60 months, 13 (30%) children’s were in the age 
group of 41–50 months and 9 (21%) children’s were in 

the age group of 31–40 months. According to sex out 
of 43 (100%) children’s max. 24 (56%) were girls and 
19 (44%) were boys which is shown in Table.1 and 
Figure 1. and 2.

Here, the percent prevalence in overall 43 (100%) 
children’s was calculated as per age group of 31–
40 months, 41–50 months & 51–60 months also as per 
stunting < -2SD (Moderate Class) 52.2%, 53.5%, 52.7% 
respectively, as per stunting < -3SD (Severe Class) 
21%, 22.2%, 21.5% respectively, as per wasting < -2SD 
(Moderate Class) 10.1%, 10.4%, 8.4% respectively, as 
per wasting<-3SD (Severe Class) 0.7%, 0.5%, 0%, as 

Table 1. Age & sex wise distribution of demographic 
variables

Demographic Variables No.  
of children’s

%

Age in Months

31–40 9 21

41–50 13 30

51–60 21 49

Sex

Boys 19 44

Girls 24 56

Table 2. Prevalence of Undernutrition among Rural Pre-school Children’s

Age Group
(in months)

No. Per cent Prevalence of Undernutrition

Stunting
(Low height for age)

Wasting
(Low weight for-Height)

Underweight
(Low weight for age)

<-2SD <-3SD <-2SD <-3SD <-2SD <-3SD

31–40 9 52.2 21 10.1 0.7 4.7 2.3

41–50 13 53.5 22.2 10.4 0.5 7 0

51–60 21 52.7 21.5 8.4 0 9.3 0

Figure 1. Graphical distribution of age wise distribution
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per underweight < -2SD (Moderate Class) 4.7%, 7%, 
9.3% respectively, as per underweight < -3SD (Severe 
Class) 2.3%, 0%, 0% respectively. Shown in Table.2

Among all 43 (100%) children’s maximum 4 (9%) 
children’s age group of 51–60 months were found in 
MAM, 3 (7%) children’s with age group of 41–50 months 
were found in MAM and 2 (5%) children’s were found in 
MAM and only 1 (2%) with age group of 31–40 months 

were found in SAM. The prevalence of moderate acute 
malnutrition was 21% and severe acute malnutrition 
was 2%. Shown in Table 3.

Association between age group vs. different study 
variables such as HAZ, WAZ and MUAZ was shown in 
Table 4. Association between sex and different study 
variables such as HAZ, WAZ and MUAZ was shown in 
Table 5.

Table 3. Distribution of prevalence of malnutrition 

Age-Group
(in months)

No. No Malnutrition  
(%)

Moderate Acute 
Malnutrition (%)

Severe Acute Malnutrition 
(%)

31–40 9 6(14) 3(7) 1(2)

41–50 13 10(23) 2(5) 0(0)

51–60 21 17(40) 4(9) 0(0)

Total 43 33(77) 9(21) 1(2)

Table 4. Association between different age groups

Study 
Variable

Mean Z-Score Standard Deviation F-value P-value Inference

Age Group
(in months)

31–40 41–50 51–60 31–40 41–50 51–60

HAZ –1.71 –2.4 –2.1 1.28 1.42 1.5 0.6161 0.5451 NS

WAZ –1.41 –1.79 1.1 1.2 1 0.88 41.586 <0.0001 S

MUAZ –1.63 –1.57 0.87 0.9 0.87 0.67 0.01454 0.9856 NS

Table 5. Association between different sex groups

Study variable Mean Z-Score Standard deviation t-value P-value Inference

Sex Boys Girls Boys Girls

HAZ –2.08 –1.78 1.23 1.5 4.403 0.0001 S

WAZ –1.49 –1.53 0.97 0.49 -2.928 0.0055 S

MUAZ –1.59 –1.52 0.81 0.65 0.7176 0.47 NS

Figure 2. Graphical distribution of Sex wise distribution Figure 3. Graphical representation of study prevalence
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Discussion

The results of this study are deduced and they are 
discussed below. They are divided into criteria of rele-
vance, effectiveness, efficiency, impact and sustainabil-
ity. ‘Relevance’ considers how well the Laddu Project 
is suited to tackling malnutrition in the Rethare Bk. 
context. ‘Effectiveness’ focuses on the goals achieved 
by the Laddu Project. ‘Efficiency’ considers whether the 
project’s method is efficient in its processes. ‘Impact’ 
looks at the wider effect that the project can have on the 
community. Finally, ‘Sustainability’ covers the project’s 
longevity and potential expansion.

Likewise, similar studies have been done in India 
and outside India which is very important for the as-
sessment of malnutrition. In a cross-sectional study, of 
309 Kamar Tribal Children aged 4–12 years to assess 
the nutritional status [6]. The result was more than 90% 
of children in the age group 4–12 years suffered from 
underweight which was comparatively lower in 7–9 and 
10–12 years age group children. 84.51% percent of 
boys suffered from stunting which was much higher 
than girls (47.54%) [6]. The study concluded there was 
a widespread prevalence of malnutrition among tribal 
children and an urgent dietary intervention programme 
was necessary [7].

Another study was community-based and 
a cross-sectional survey carried out in preschool chil-
dren of the Gond community in Madhya Pradesh. The 
result of the study showed more than 60% of children 
were underweight. Unhygienic personal habits and 
adverse cultural practices relating to child rearing, 
breastfeeding and weaning were also prevalent among 
them [8]. These factors were thought about in the 
initiation of our study and counselling was effectively 
carried out to make the mothers aware of the right 
child-rearing practices.

A total of 6531 Punjabi children in the age group 
1–5 years were measured in a cross-sectional study 
for assessing malnutrition. The percentage of children 
who were underweight, stunted, wasted and having 
low MUAC for age was 15.04%, 11.42%, 10.76% and 
38.52% respectively [9].

Of late, there has been intense debate and discus-
sion on how to best intervene to make a change that is 
both substantial and rapid and various groups of experts 
have presented strategies to policy makers as to the 

steps that need to be taken for both preventing mal-
nutrition and treating its most severe forms [10]. Many 
locally produced/producible foods that are culturally 
acceptable and relatively low cost have been used for 
severe malnutrition cases in India for many decades 
by reliable academic and medical institutions as well 
as by non-governmental groups. One of the effective 
measures was the use of Leaf Protein Mix to improve the 
protein intake of children affected with Malnutrition [11]. 

A study on the effects of curd (dahi) and leaf protein 
concentrate in children with protein-energy malnutrition. 
The study was conducted in a tertiary hospital at New 
Delhi, in which 80 moderately and severely malnour-
ished children of age 1–5 years were given either the 
curd or LPC in addition to the WHO recommended 
two-step diet for 15 days. The results revealed a change 
in weight, haemoglobin level and CD4: CD8 and T-cell 
subpopulation was significant in both the groups after 
supplementation. The study concluded that curd and 
LPC, when added to the diet of malnourished children, 
would accelerate the immune recovery and improve 
the nutritional status of the affected children [12]. Our 
study was also based on maximum utilisation of locally 
available products making it extremely cost effective.

A study done on the health and nutritional status of 
preschool children of Amritsar district of Punjab were 
studied. A total of 1,000 children formed the group. 
Out of the 1000 children examined, 255 (25.5%) chil-
dren were found to be suffering from protein-energy 
malnutrition. 25.18% of boys and 25.85% of girls had 
protein-energy malnutrition [13].

Studies have also shown that the formula advised 
by the National Institute of Nutrition, Hyderabad spe-
cially prepared protein mixtures provided an increase 
of weight after 22 days to 3 weeks or little later [14].

How does one achieve a balanced diet with plenty 
of protein where animal protein sources or even legume 
seeds are too expensive? The Krishna Laddu mix 
which can be easily made from the local produce is an 
outstanding source of quality protein and vitamins. It 
can be made with very little cost, even from ingredients 
available in the kitchen. 

In view of the above facts, we observed that 
protein-energy malnutrition is one of the ‘silent emer-
gencies’ seen in children of age 0–5 yrs of age. The 
treatment lies in providing malnourished children with 
energy and protein-rich foods so that there is adequate 
weight gain. These foods can be prepared from the 
usual home diets. The home diets may provide insuffi-
cient energy and protein to the child leading to further 
deterioration in the child’s nutritional status.

A study was conducted at Delhi regarding mal-
nourishment among the children aged 6 months to 
2 years. A total of 1661 children who attended the well 
baby clinic of UHC, Gokulpur, Delhi during the year 

Table 6. Prevalence of malnutrition among study 
population

Prevalence MAM SAM

Before Study 21% 2%

After Study 8% 0%
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2000 were studied. The results of the studied showed 
a total of 1009 (60.7%) children were found malnour-
ished [15].

A cross-sectional study was done to assess the 
health and nutritional status of children of 0–5 years 
age group and to study the influence of various epide-
miological factors on health and nutritional status. The 
study was carried out in randomly selected three 
wards of Petlad town, district Anand in Gujarat state. 
The prevalence of underweight was 43.6%. 50.3% of 
children were found stunted. Prevalence of wasting was 
comparatively low of 23.2% [16].

A study carried out in three backward states, two 
blocks were selected in each state on the basis of the 
maximum concentration of the backward community. 
a total of 80 samples were selected from the 18 blocks 
making a sum of 1440 samples. 66.2% of all children 
of 0–5 years of age were underweight of which 23.1% 
were under grade III and IV, showing the severe extent of 
malnutrition. The highest number of children in Grades 
III and IV were from Uttar Pradesh 27.1% followed by 
Orissa 22% and Rajasthan 21.1%. The study also re-
vealed the children were short for age or stunted 32.9% 
in the age group below three years [17].

A comparative study to determine the biochemical 
nutritional indicators among children suffering from pro-
tein-energy malnutrition and among the well-nourished 
children of age group 0-5 yrs at outpatient department 
and wards of Kanti Children’s Hospital, Maharganj 
Kathmandu, Nepal, and the sample was of 120 children. 
The results revealed that there were altered biochem-
ical parameters which were related to food intake and 
biochemical metabolism mandatory during growth and 
development of children less than five years of age [19].

All of the above studies only substantiate the result 
of our study and add to the importance of home-based 
supplements. 

Conclusion

The anthropometry showed a significant improve-
ment in the health status of the children who received 
the Krishna Laddu as a supplement. The Krishna Laddu 
reduced the calorie and protein deficit in the malnour-
ished children. Krishna Laddu proved to be beneficial 
in the highlights of this research were: 1) early identifi-
cation of malnutrition 2) prompt initiation of a nutritious 
diet to improve outcome 3) serial monitoring of these 

children to plot the outcome. 4) All the ingredients used 
for making the laddu are easily available in the kitchen. 
5) The preparation is low cost, making it feasible for 
use in any setup.

Additionally, the counselling of the mothers helped 
in better understanding of hygiene and nutrition. 

It would be very interesting to investigate how ex-
actly the Laddu Project could aid the supplementary 
feeding programme of the ICDS. The laddu could be 
used as an intervention for nutritional rehabilitation of 
the malnourished children in a large community too.
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ABSTRACT
Development of biotechnology, esthetic medicine and cosmetology can enable us to slow down or delay 

the skin aging process. Currently, much attention is aimed at treatments using substances of plant origin. 

They have been proven to exhibit antioxidant, antibacterial and antifungal properties, accelerate wound 

healing, moisturize the skin, enhance skin renewal processes and protect skin against UV radiation. Bio-

logically active plant-derived compounds, however, are often produced by plants in very small amounts. 

A solution to this problem is an in vitro culture of callus tissue, representing plant stem cells. Both, in vitro 

and in vivo studies demonstrated beneficial effects of plants stem cell extracts on human skin in the battle 

against ageing. The aim of this paper was to provide a review of studies based on the use of plant stem 

cells in limiting skin ageing. 
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Introduction

The skin is the largest organ of the human body 
and performs many physiological functions, including 
protection against the adverse effects of external factors, 
body temperature regulation, secretion and absorption 
of various agents [1–3]. The skin consists of a number 
of specialized cells forming three layers: epidermis, 
dermis and subcutaneous tissue. Each layer plays 
a different, but very important role in maintaining the 
proper functions of the entire body [1]. Homeostasis of 
the skin (all of its layers) is possible by the presence of 
various stem cell populations located mainly in the epi-
dermis (interfollicular compartments, the bulge region 
of the follicle, sebaceous glands). Their presence and 
condition determine regeneration and skin cell renewal 
while maintaining a balance between all layers [4]. It 
also allows for maintaining a healthy-looking skin, which 
is an attribute of each person. Unfortunately, over time 
skin undergoes an inevitable ageing process which 
is irreversible and affects every human being. Skin 
ageing is a result of overlapping multiple mechanical, 
biological, biochemical and molecular processes, which 
begins around age 25–30. Depending on the causes, 
ageing can be both intrinsic and/or extrinsic [5–7]. 
The first one is determined genetically and hormonally 
and is highly time-dependent. The second one, called 
also photoaging, is caused by various external factors 

affecting the skin (eg. UV radiation, cigarette usage, 
pollution and stress [5–8].

However, thanks to advances in many areas of bio-
technology and medicine, it is possible to slow down 
or significantly delay this complex process. Properly 
selected nutrients as well as cosmetic care are 
crucial in the renewal and regeneration of skin and 
increasing its resistance to external factors such as 
sudden changes in temperature, strong wind, pollu-
tion and UV radiation. Currently, a great amount of 
attention is paid towards treatments that may delay 
skin ageing and/or eliminate visible symptoms of 
this process. Among cosmetics based on natural 
raw materials (such as creams and lotions), cosme-
tological treatments (including facials and infusions), 
as well as various skin injections, surgery and laser 
treatments, are used. Treatments with various kinds 
of cosmetics (creams, facials) that contain a number 
of biologically active substances having anti-ageing, 
anti-wrinkle, bleaching properties, etc., are commonly 
applied due to their ease of use and low risk of com-
plications or adverse side effects. For years, those 
types of cosmetics, great importance was assigned 
to regenerative properties of plants. They contain 
ingredients that are necessary to carry out all met-
abolic processes responsible for the renewal of the 
epidermis, increasing the skin elasticity, scavenging free 
radicals and maintaining an adequate level of hydration.
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The aim of this review was to provide an overview 
of the studies concerning the use of plant stem cells in 
the case of limiting the skin ageing. 

Plant compounds in cosmetics 

Plants are a natural resource, used for centuries for 
cosmetic and therapeutic purposes. There are many 
cosmetics, of which the active compounds are the main 
base. These compounds are obtained by extraction with 
various kinds of solvents from selected plants. They af-
fect preferably the condition of the skin and prevent the 
loss of elasticity by stimulating synthesis of collagen and 
elastin fibres. They also exhibit antioxidant, antibacterial 
and antifungal properties, accelerate wound healing, 
moisturize the skin, enhance skin renewal processes 
and protect skin against the harmful effects of UV ra-
diation [9]. There are a number of substances of plant 
origin which positive effects on the skin were confirmed. 
These are vitamins, unsaturated fatty acids, saponins, 
phytohormones, flavonoids, alkaloids and carotenoids.

Vitamins 

Vitamins serve as antioxidants, support the renew-
al of damaged collagen and elastin fibres. Vitamin C 
serves one of the most important roles, it is a potent 
antioxidant that protects skin from free radicals created 
inter alia by UV radiation — photoprotection [10, 11]. 
Vit. C plays also a key role in the synthesis of colla-
gen [11, 12] since its presence is necessary for the 
proper functioning of proline hydroxylase and lysine 
hydroxylase. These enzymes are responsible for the 
formation of the correct collagen molecule, the main 
protein responsible for maintaining the skin mechan-
ical properties [12–14]. There have also been reports 
demonstrating the specific role of tocopherol (vitamin 
E) in scarring and wound healing processes [15]. This 
compound is also involved in the stabilization of bio-
logical membranes and, is also a strong antioxidant. Its 
deficiency, in turn, can severely accelerate the aging 
processes [14]. Fruits and vegetables are a rich source 
of vitamins [10], ones with a high overall vitamin content 
are primarily: rosehips [16, 17], blackcurrant [18, 19], 
chokeberry [19], tomatoes, kiwi [20], avocado [21], 
strawberries, papaya and broccoli [11]. 

Unsaturated fatty acids 

Unsaturated fatty acids are one of the components 
of the most external layer of the epidermis (Stratum 
corneum), and it’s built of corneocytes [22, 23]. They 
increase the flexibility of cell membranes, help to main-
tain an adequate level of hydration and skin tightening, 
enhance the epidermal barrier function and support 

defensive processes of the skin. A deficiency of these 
components in the skin, may cause severe skin diseas-
es such as eczema [24]. It also leads to the reduction in 
hydration, which in turn results in reduced flexibility and 
accelerated the formation of wrinkles [21, 25]. Due to 
the presence of multiple bonds unsaturated fatty acids 
exhibit antioxidant activity, reducing the risk of formation 
of free radicals that accelerate the ageing process and 
can lead to skin cancers. Unsaturated fatty acids are 
achieved mainly from vegetable oils contained, inter 
alia, in black cumin seed [26], avocado [27],  primrose 
[28] or hemp oil [25]. 

Saponins 

Saponins are a group of compounds belonging to 
the glycoside. They exhibit properties similar to soap 
since they have the ability to decrease the surface ten-
sion and cause the foaming process [29]. These make 
them useful in cosmetic products designed for skin 
cleaning and toning such as tonics, make-up removers 
or cleaning gels. Another, very important, the feature of 
saponins is the ability to penetrating through the lipid 
layer of the skin due to the presence of a lipophilic 
aglycone in their structure. This property facilitates the 
absorption of other active substances contained in 
cosmetics by increasing membrane permeability [30]. 
Scientific studies have shown that saponins applied to 
the skin exposure to UV radiation, inhibit the appear-
ance of wrinkles and increasing the thickness of the 
skin and loss of their elasticity. This made them highly 
effective photoprotective compounds [30]. Saponins 
are mainly found in the leaves of plants such as ginseng 
[30], acacia [31], soybeans and spinach [29]. 

Phytohormones

Phytohormones serve an excellent alternative to the 
human hormones (such as estrogen) which are used in 
many types of beauty products. Scientific studies have 
shown the positive effects of estrogen skin on regen-
eration. It also decreases the aging process [32, 33]. 
However, the use of such compounds has been banned 
because they caused too many side effects, unlike their 
plant counterparts [34]. Plant hormones prevent cell 
membranes damage and its oxidation. Phytohormones 
exhibit inhibitory activity of collagenase, elastase and hy-
aluronidase — enzymes that cause water loss and reduce 
the skin elasticity, making it more susceptible to the aging 
processes [35]. In in vivo studies, a cream containing 
phytohormones caused a reduction in wrinkle depth after 
a few weeks of use [36]. In addition, it has been shown 
that phytohormones can reduce the deposition of fat so 
can be successfully used in cosmetics that modelling 
the face oval. Common sources of these compounds 
are grapefruit, ginseng, dates, soybeans or wheat [35]. 
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Flavonoids

Flavonoids are applied in skin care products mostly 
due to its powerful antioxidant properties, which can be 
up to 100 and 25-times stronger than vitamin C and vi-
tamin E, respectively [35]. Furthermore, they accelerate 
wound healing, inflammatory and antibacterial process-
es. Provide also an excellent barrier to UV rays. That is 
why they can be used to reduce the natural skin ageing 
process and protect it from the damaging effects of free 
radicals [37]. In an indirect way, flavonoids affect the 
condition of the blood vessels in the skin by stabilizing 
the unoxidized form of vitamin C, which is responsible 
for maintaining their cohesiveness. It was also shown 
that flavonoids inhibit elastase and hyaluronidase ac-
tivity [35]. Flavonoids derived mainly from citrus fruits, 
tomatoes, vegetables, legumes, broccoli, blueberries, 
bilberries and grapes.

Alkaloids

Alkaloids which are metabolites of many plants 
are now also used in cosmetic preparations. The 
best-known and most frequently used are caffeine, 
quindoline, allocryptopine. Caffeine extracted from 
seeds of Coffea arabica is the most common, due to 
the ability to penetrating the skin very effectively [38]. 
It is also reported that caffeine has the ability to reduce 
the risk of skin cancer, after exposure to UV radiation 
[39]. Furthermore, caffeine is also often used in firming, 
anti-cellulite and slimming cosmetics due to its lipolytic 
properties [40].

Carotenoids

The use of carotenoids in cosmetics is less popular 
than the above-mentioned compounds, but their pro-
tective properties for the skin are also very important. 
The greatest source of lycopene and b-carotene — the 
main representatives of carotenoids — are commonly 
available in red vegetables, such as tomatoes, peppers 
and carrots. Carotenoids have an antioxidant property 
and are therefore widely used in cosmetics which are 
applied against the UV radiation. It also has shown a high 
antitumor property for various types of cancers [21].

Obtaining plant derived-compounds

Plant-derived biologically active compounds used 
in cosmetology and aesthetic dermatology are mainly 
secondary metabolites. Their receiving from natural 
plant sources is often a complex, time-consuming and 
usually inefficient process. This is mainly due to the fact 
that secondary metabolites are produced in plants in 

an amount less than 1% of dry weight [41]. Therefore, 
obtaining of appropriate quantities of desirable com-
pounds requires their isolation from a large amount of 
plant material. This factor is extremely limited due to the 
presence of geographical barriers; variability of the sea-
sons, which is bound with the growth of the majority of 
plant species, as well as various culture conditions that 
may hinder the obtaining plant material. The problem 
is also protected species of plants which use, even for 
scientific studies, require the appropriate permits [9, 
41]. On the other hand, obtaining of plant compounds 
by chemical synthesis is often impossible, because 
they have usually very complex structure (polycyclic, 
containing a plurality of chiral centers) [41]. 

A solution of the above problems came with the 
intensive development of biotechnology and in vitro 
culture of plants [9, 42]. They allow a culture of select-
ed organs or plant cells in solid, controlled conditions, 
reducing the time necessary to obtain a large amount 
of material, in relation to the whole plant breeding. In 
recent years, particular interest is focused on in vitro 
cultures of callus tissue, as a plant stem cells. Callus 
is a plant tissue resulting from the undifferentiation of 
adult plant cells at the site of mechanical injury. To 
initiate this type of the culture even a small explant of 
the plant can be used. This allows obtaining a large 
amount of material (biologically active substances) in 
the relatively short time, without breeding of the whole 
plant. Therefore, the stem cells of plants are an alter-
native to obtaining the biologically active compounds 
from selected plants.

Plant stem cells

Plant stem cells (PSCs) are the source of a number 
of factors supporting the skin protection and regenera-
tion processes and thereby inhibit skin ageing. The first 
reports about the possibility of using stem cells derived 
from plants in cosmetic products have appeared in 
2008 [43]. Extracts from stem cells such plants as ap-
ple (Malus domestica) varieties Uttwiler Spätlaubersą, 
argan (Argania spinosa), alpenrose (Rhododendron 
ferrugineum), grape vine (Vitis vinifera), samphire 
(Crithmum maritimum) and tomato (Lycopersicon 
esculentum), have been analyzed so far. Both, in vitro 
and in vivo studies demonstrated beneficial effects of 
stem cell extracts of above standard plant extracts on 
the skin. However, PSCs derived from different plants 
have varying biological properties.

Stem cells derived from apple fruit and argan stim-
ulate the proliferation and survival of human stem cells 
[43, 44] and in the case of apple PSCs — protect them 
from the adverse effects of UV radiation [43]. These 
results suggest that stem cells derived from plants 
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can contribute to both, protection and regeneration 
of the skin. Additionally, PSCs extract from apple fruit 
also showed antioxidant properties by stimulating the 
expression of genes which play an important role in the 
regulation, cell growth and proliferation (cyclin B1 and 
E1, p53, IGF II, heme oxygenase 1) [43]. Samphire stem 
cells extract have a positive influence on the proliferation 
and viability of human keratinocytes and fibroblasts 
[45]. Tomato stem cells, in turn, exhibit a protective 
effect on murine keratinocytes and fibroblasts cells 
during oxidative stress induced by certain heavy metals 
(Ni and Pb). It stimulated the production of collagen 
I and III by fibroblasts in the presence of heavy metals 
and decreased the expression of collagenases: MMP 1, 
3 and 9, which rises in the above conditions [46]. In in 
vivo studies using human skin model (SE, skin equiva-
lent model) suggest the increase of cell proliferation in 
the presence of PSCs, samphire extract. This resulted 
in the growing thickness of the individual skin layers 
and increased cell density in both the epidermis and 
dermis [45]. In clinical studies, extract of stem cells from 
samphire improved epidermal permeability barrier repair 
and revealed the soothing and moisturizing effect on the 
skin [47]. The extracts of apple and argan stem cells, 
in turn, reduced wrinkles appearing around the eyes 
(“crow’s feet”) and resulted in an increase of skin density 
[43, 48, 49]. Detailed information about clinical trials of 
plant stem cells applications are presented in Table 1.

Conclusion

The continued desire of society to maintain a healthy, 
youthful appearance forced to search for novel ways 
to inhibit and even reverse the ageing processes. There 
are many rejuvenating treatments that restoring the skin’s 

youthful appearance, ranging from simple creams applica-
tion and plastic surgery in the ending. Although the invasive 
methods give the most spectacular effects, in a relatively 
short period of time, they are often painful and carry a risk 
of side effects (scars or wounds difficult to heal). There-
fore, researchers are currently focused on the search for 
natural methods to fight with the signs of unavoidable skin 
ageing. One of such methods is the use of plant-derived 
compounds in cosmetic and dermo-cosmetics.

The plants are a very rich source of many biological-
ly active compounds, which are used in many areas of 
our lives. Studies confirm the beneficial effects of many 
substances of plant origin on the functioning and pro-
tection of the skin. Their use in cosmetics and personal 
care products protect the skin against the damaging 
effects of external factors, promotes skin regeneration 
processes and inhibit and/or slow down the ageing 
process. This allows maintaining a healthy, firm skin 
for many years. The use of plant compounds provides 
many advantages. As these are natural compounds, 
they rarely lead to undesirable side effects. Further-
more, they are not complex in use and available to 
all, because of the form of its administration — mostly 
creams, masks and lotions.

Currently, in addition to the standard compounds 
of plant origin, much attention is also paid to the plants 
stem cells. They appear to be a promising material for 
use in cosmetology and aesthetic dermatology due 
to its protective and regenerative properties. Studies, 
conducted so far, confirmed the potential of these cells 
in the fight against the signs of skin ageing, emphasizing 
their beneficial effects on stem cells, which is crucial to 
the process of skin renewal.

Disclosure of interest: The authors declare no 
conflict of interest

Table 1 Clinical trials of plant stem cells extracts on skin regeneration

Stem cells source Participants Application Results

Apple
(Malus domestica) 
— clinical trial
(Schmid et al. 2008;  
Schmid 2009)

20 women
age: 
37–64 years

cream with 2 % cell extract; two 
times a day for 4 weeks

— significant reduction of wrinkles  by 8% and 
15 % after 2  and  4 weeks respectively.

Argan 
(Argania spinosa)
— clinical trial
(Montaño 2012)

21 women

age:
39–61 years

emulsion with 
0,4 % cell extract; two times a day 
for 56 days

— reduction of wrinkles by 19 % and 27 % after 
28 and 56 days respectively.

— increase in skin density of 12.7 % after 8 
weeks

Samphire 
(Crithmum maritimum)
— comparative intra- 
-individual, controlled, 
randomized pilot study
(Caucanas et al. 2011)

12 volunteers 
age: older than 
50 years

— cream with 0.05 % cell extract,
— cosmetic serum with 0,1 % cell 
extract, 
— silicone oil with 0,5 % cell extract

once a day for 2 weeks, 
observations for another 2 weeks

— improvement of skin permeability barrier 
function by: significant decreases in 
transepidermal water loss (TEWL), between 
day 16 and 29; smoothing of the skin 
between day 15 and 29; significant skin 
moisturization at day 29 compared to day 1

— no adverse events were observed
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ABSTRACT
The relationship between osteonecrosis of the jaw and bisphosphonate therapy has been described 

recently. Although bisphosphonates have a  long list of benefits in the treatment of patients with bone 

metastases, an increasing number of reports describe the complication of bisphosphonate-related os-

teonecrosis of the jaw (BRONJ). Bisphosphonates are synthetic analogues of pyrophosphate that inhibit 

bone resorption. The aetiology of BRONJ is unclear. It starts as aseptic necrosis, with a surgical procedure 

involving an interruption in the continuity of the oral mucosa as an obligatory precondition. Subsequently, 

areas of osteonecrosis occur and detach from the surrounding areas of purulent inflammation or can be 

removed surgically. Due to the limited treatment options, conservative treatment supported by antibiotic 

and surgical therapy is used. This article describes a case of BRONJ. 
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Introduction 

Bisphosphonates are medicines useful in patients 
with bone metastases originating in primary breast, 
prostate and kidney cancers, multiple myeloma and 
Paget’s disease [1]. Bisphosphonates are also used 
by patients with osteoporosis [2, 3].

The multi-directional activity of these drugs with their 
inhibitory effect on bone resorption has many benefits 
but is also burdened by adverse effects [4]. A particular 
adverse effect affecting the oral cavity is bisphospho-
nate-related osteonecrosis of the jaw (BRONJ). 

It is defined as an area of exposed bone in the max-
illofacial region which does not heal within 8 weeks in 
a patient currently or previously treated with bisphos-
phonates and not subjected to radiation therapy of the 
head or neck [5, 6, 7]. 

The disease is mainly associated with intravenous ad-
ministration of high doses of bisphosphonates, but cases 
of BRONJ in patients treated with low oral doses have also 
been observed [8]. Treatment and prosthetic rehabilitation 
of the affected patients are difficult and very limited.

Case description

A patient receiving treatment for breast cancer. In 
1997, right-side mastectomy was conducted due to 
cancer, followed by chemotherapy and radiation thera-

py. In 2002, a local recurrence was detected along with 
metastases to the spine and the supra- and infraclavic-
ular lymph nodes on the right side. In 2005, metastases 
to the shoulder tissues were detected. Type 2 diabetes 
mellitus. The patient was treated with bisphosphonates 
between July 2002 and May 2017. Treatments used 
include, inter alia, clodronic acid, 90 mg every 4 weeks, 
i.v. (Jul 2002–Oct 2005), pamidronic acid, 60 mg every 
4 weeks, i.v. (Nov 2005–Feb 2011), zoledronic acid, 
4 mg every 4 weeks, i.v. (Mar 2011–May 2017). In 2011, 
the patient underwent maxillary tooth extractions. The 
alveoli were not closed with stitches. Not all post-ex-
traction wounds healed, and osteonecrosis occurred 
in the incisor area. The patient was hospitalized several 
times due to pain in the area. In January 2018, maxillo-
facial CT with contrast revealed “loss of the right-side 
alveolar process of approx. 30×16×17 mm without 
separation of pathological mass — necrosis?” (Fig. 1). 

In April 2018, the patient reported pain in the area and 
leakage of fluid through the nose during drinking. In physical 
examination, exposed right-side maxillary alveolar process 
between the alveoli for teeth 11 to 13, reaching the vestibular 
fornix (Fig. 2). Increased oral hygiene recommended. 

Discussion

In terms of chemical structure, bisphosphonates 
are synthetic analogues of pyrophosphate (natural 
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regulator of bone mineralization) in which the central 
oxygen atom has been replaced by a  carbon atom. 
Two additional side chains R1 and R2 are bound to the 
carbon atom. R1 is usually a hydroxyl group. Depending 
on the composition of R2, bisphosphonates can be 
divided into two major groups:
1.	 Simple (non-nitrogenous) bisphosphonates — with-

out nitrogen in the R2 composition.
2.	 Nitrogenous bisphosphonates (aminobisphospho-

nates) — containing nitrogen in the R2 composition, 
including alendronate, zoledronate, pamidronate, 
risedronate, ibandronate [9, 10].
Bisphosphonates have a high affinity to hydroxyapa-

tite crystals in bone, which they bind via two phosphate 

groups and the R1 side chain that together form the 
“bone hook” 11].

Aminobisphosphonates with a long side chain con-
taining nitrogen cause disruption of the osteoclast intra-
cellular signalling system, which results in the inhibition 
of the metabolic activity of mature osteoclasts. The 
clinical effect of aminobisphosphonates is inhibition of 
bone resorption [9]. 

Approximately 60% of the administered dose is de-
posited in areas of active bone mineralization, and its 
half-life is approximately 10 years. The non-deposited 
fraction is excreted by the kidneys [8]. The aetiology 
of BRONJ is unclear. It is caused by the exposure of 
maxillary or mandibular bone due to an interruption in 

Figure 1. Current CT image — red arrows indicate a bone loss in the maxilla

Figure 2. The current image of alveoli
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the continuity of the mucosa, e.g., during dental pro-
cedures or as a sequela of denture-related sores [10]. 

Because of the constantly applied pressures asso-
ciated with chewing, the mandible and the maxilla are 
characterized by a greater bone turnover than other 
skeletal regions (e.g., 10–20 times greater than in the 
ilium) [12]. This intensity of bone turnover is necessary 
to repair microfractures arising during chewing. Con-
currently, it requires a higher degree of vascularization, 
which is crucial in bisphosphonate therapy, allowing 
a higher concentration of these drugs in the bone tissue 
in that area [13]. The oral mucosa is thin and susceptible 
to damage, which facilitates bacterial infection of the 
exposed bone [14, 15].

Maxillary BRONJ leads to the formation of osteone-
crotic areas. The disease presents similarity to radiation 
therapy-induced osteonecrosis, starting as aseptic 
necrosis of bone. Aseptic necrosis is usually caused 
by insufficient blood supply [16, 17]. 

In recent years, it was noted that similar lesions 
can occur in patients after treatment with denosumab 
(anti-RANKL IgG2) and bevacizumab (anti-VEGF an-
tibody reducing tumour vasculature) [18], regardless 
of previous bisphosphonate therapy. There is also 
a number of factors that increase the risk of BRONJ. 
Among them, in the course of multiple myeloma, a likely 
genetic factor can be distinguished — polymorphism of 
the CYP2C8 gene that is linked to the arachidonic acid 
cycle and is a regulator of vascularization, which in the 
mandible could lead to poorer vascularity and increased 
risk of BRONJ (up to 12.5 times) [19]. 

Other BRONJ risk factors include glucocorticoste-
roids (chronic therapy adversely affects bone metabo-
lism, weakening osteoblast differentiation and function). 
Furthermore, the immunosuppressive and antiangio-
genic effect of glucocorticoids can play a major role in 
the development of necrosis [20–22]. 

The frequency of BRONJ increases from 1.5% (in 
patients treated for 4–12 months) to 7.7% (in patients 
treated for 37–48 months) [23]. 

The risk of this disease can also be increased by 
[24]: High alcohol consumption, smoking, anemia, 
chemotherapy, diabetes mellitus, obesity, renal failure, 
rheumatoid arthritis, immunosuppression, older age 
(risk increases by 9% per decade of life), female gender 
(maxillary BRONJ is 8 times more frequent in women 
than in men).

Local factors include [20] anatomical structures 
involving compact bone covered by a thin layer of muco-
sa, such as bony prominences or tubercles, periodontal 
diseases, including spontaneous tooth loss, surgical 
interventions related to the interruption in the continuity 
of oral mucosa, such as tooth extractions, periodontal 
treatments (scaling, curettage), placement of dental 
implants, endodontic therapy (when the tool is moved 

beyond the tip of the tooth root), misfitted dentures, 
poor oral hygiene.

The disease is usually diagnosed clinically. As 
a result of the lack of healing, areas of osteonecrosis 
occur and detach from the surrounding areas of pu-
rulent inflammation. The process is accompanied by 
pain, numbness, soft tissue oedema, hyperesthesia, 
tooth loosening, suppuration, and intra- and extra-
oral fistulas. Although these symptoms can develop 
spontaneously, BRONJ is much more frequent after 
surgical interventions on alveolar processes involving 
an interruption in the continuity of the mucosa and 
periodontium [8]. 

In some cases, necrosis develops asymptomatically 
and is clinically undetectable, with the patient being 
unaware of the disease for weeks or months. The first 
symptoms preceding clinically developed necrosis 
can include pain, mucosal ulceration, erythema and 
oedema, and tooth loosening [20]. In maxillary BRONJ, 
abscesses can reach the supra canine and buccal 
spaces [25]. In mandibular BRONJ, abscesses can be 
located in the submental, submandibular and sublingual 
spaces [26]. The difference in compactness between 
the maxilla and the mandible causes a different course 
of inflammation in these bones. In the maxilla, suppu-
ration is manifested by a fistula, while in the mandible, 
suppuration spreads within the bone and rarely reaches 
its surface [27]. 

Three stages of progression of BRONJ have been 
distinguished [28]. 

Stage I — exposure of bone without oedema and 
erythema of the surrounding soft tissue, without radio-
logical changes; pain can occur before bone exposure.

Stage II — primary or secondary inflammation of 
the soft tissue surrounding the exposed bone, pain, 
tooth loosening. Necrotic lesions in the radiological 
image can resemble periapical radiolucency, broad-
ening of the periodontium or thickening of the alveolar 
lamina dura.

Stage II — primary or secondary inflammation of the 
soft tissue which is difficult to treat with oral or intravenous 
antibiotic therapy; the presence of extraoral fistulas. If the 
lesion affects the mandible, hypoesthesia of the lower lip 
can occur, and when the maxilla is affected, secondary 
maxillary sinusitis can develop. In the radiological image, 
a visible increase in radiolucency, pathological fractures 
of the mandible, necrotic areas, as well as osteitis-like 
and metastasis-like lesions can be found.

As has been reported in the literature, bacteriological 
tests can reveal the presence of Staphylococcus epider-
midis, Streptococcus salivarius, Morganella morganii, 
Prevotella intermedia and Prevotella oris, as well as 
Escherichia coli — Gram-negative rods. In half of the 
cases, the exposed bone is colonized by Actinomyces 
strains [29]. 
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Table 1. Methods of treatment of BRONJ [4]: 

Stage of 
progression

Definition Treatment

Stage I — Loss of oral mucosa with bone exposure which can be preceded by 
pain

— No radiological signs
— No features of infection, edema or soft tissue erythema

Conservative (flushing of the oral 
cavity with, e.g., 0.12% chlorhexidine 
solution)

Stage II — Loss of oral mucosa with bone exposure
— Clinical features of infection
— Soreness, tooth loosening
— In X-ray, increased radiolucency, thickening of the alveolar lamina 

dura

Conservative (flushing of the oral 
cavity with, e.g., 0.12% chlorhexidine 
solution, and 
antibiotic/antifungal therapy)

Stage III — Loss of oral mucosa with bone exposure
— Clinical features of infection with pain
— Signs, such as: fistula, pathological fracture, osteolysis, impaired 

sensation, sinusitis  
— In X-ray, increased radiolucency, necrotic areas, osteitis 

— Surgical (resection of necrotic 
tissue or resection with 
vascularized bone grafting)

— Antibiotic/antifungal therapy 

The diagnosis of BRONJ is based on anamnesis, 
physical examination, clinical presentation and diagnos-
tic imaging, usually pantomography or CT.

Treatment of patients with BRONJ is difficult. Treat-
ment methods depending on the stage of progression 
and the extent of necrosis are shown in Table 1. 

Conclusions

BRONJ is an increasingly observed complication fol-
lowing treatment procedures in the oral cavity of patients 
concurrently or previously receiving bisphosphonates. It 
is a very painful disease that is difficult to treat. Dental 
practitioners should be made more aware of the need 
for detailed anamnesis before conducting procedures 
that involve an interruption in the continuity of the oral 
mucosa. Previous treatment of oral problems in patients 
beginning bisphosphonate therapy, greater awareness 
of the need to inform the dentist of all medications taken 
currently and, in the past, as well as periodic checks and 
stricter hygiene regime might contribute to a reduction 
in the frequency of this complication.

Disclosure of interest: The authors declare no 
conflict of interest. 
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75-year-old man with lung cancer 
obscured by an implantable cardioverter-
-defibrillator — case report

ABSTRACT
We present a case of a 75-year-old man, who underwent a scheduled implantable cardioverter-defibril-

lator reoperation and has had a lung cancer found in a chest X-ray taken after the procedure, that was 

completely obscured by the previous device. 
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Introduction

Lung cancer is the most dominant form of cancer 
among men and the second one according to frequency 
among women in Poland [1]. In a group of implantable 
cardioverter-defibrillator (ICD) recipients, there are 
patients diagnosed with lung cancer but nationwide 
population-based cohort study in Denmark did not indi-
cate a causal relationship between ICD implantation and 
cancer occurrence [2]. The aim of this case report was 
to point out not to forget about lung area hidden under 
the cardiac implantable electronic devices (CIEDs), as in 
the presented case the tumor was completely obscured 
by the previous device in prior chest X-ray.

Case report

A 75-year-old patient with coronary artery disease, 
hypertension, chronic left ventricular heart failure (New 
York Heart Association [NYHA] class II) and intermit-
tent claudication was admitted to the Cardiology De-
partment of University Hospital no 1 in Bydgoszcz for 
upgrade from ICD to cardiac resynchronization therapy 
defibrillator (CRT-D) with concomitant transvenous lead 
extraction (TLE). 

The patient’s medical history included an episode 
of ventricular fibrillation on 14th October 2009, coronary 
artery disease with a critical stenosis of right coronary 
artery on coronary angiography with subsequent un-
successful, percutaneous coronary intervention. Echo-
cardiographic examination at that time showed normal 
left ventricular ejection fraction (LVEF 55%). Patient was 
qualified for ICD implantation for secondary prevention 
of sudden cardiac death. On 28th October 2009 a single 
chamber ICD (Biotronik Lumax 300 VR-T) was implanted 
with a single coil Saint Jude Medical Durata lead. De-
fibrillation threshold test was successful at 18 J. 

Between October 2009 and August 2015 the pa-
tient had multiple follow-up visits in the Outpatient 
Electrophysiology Clinic. In February 2012 the patient 
underwent electrical storm with multiple ICD discharges 
due to recurrent episodes of ventricular tachycardia and 
ventricular fibrillation. The only pathology identified as 
the cause was mild hypokalemia and the patient was 
started on amiodarone. Since September 2014 signs 
of electrode dysfunction were noted such as gradually 
growing ventricular pacing thresholds (from 1.2 V/1 ms 
in September 2014 up to 4.9 V/1 ms in July 2015) and in-
creasing low-voltage circuit impedance (from 498 Ohm 
in September 2014 up to 2550 Ohm in July 2015), 
with normal and stable coil impedance and sensing 
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values. In July 2015 ICD battery elective replacement 
indication (ERI) status was reached. Due to ERI, signs 
of dysfunction of the high voltage lead and presence 
of clinical indications for cardiac resynchronization 
therapy (progression of heart failure — NYHA class II 
on admission, with concomitant left ventricular systolic 
dysfunction (left ventricular ejection fraction [LVEF] of 
32%, and presence of left bundle branch block with 
QRS duration of 160 ms), the patient was qualified for 
replacement of the dysfunctional lead with concomitant 
upgrade from ICD to CRT-D.

The patient was admitted to the Cardiology Depart-
ment on 27th August 2015. On admission he reported 
only moderate exertional dyspnoe with no other 
significant symptoms. Physical examination revealed 
enlarged axillary lymph nodes on the left side and lack 
of pulse on the popliteal and dorsal arteries on both 
sides (the patient had a history of intermittent claudica-
tion and was under supervision of vascular surgeon). 
Chest X-ray taken on hospital admission showed no 
abnormalities. The echocardiographic parameters were 
as follows: left ventricular ejection fraction: 32%, left 
ventricular end-diastolic diameter: 62 mm, left atrium 
diameter: 44 mm, interventricular septum diameter: 
12mm. Low concentration of thyroid stimulating hor-
mone (TSH) and slightly increased thyroid hormones 
prompted diagnosis of hyperthyroidism, probably 
secondary to amiodarone therapy and thiamazolum 
was added to the chronic treatment. 

On 28th July 2015 the dysfunctional lead and the 
ICD can were successfully extracted and replaced 
with a  Boston Scientific Origen CRT-D device with 

Figure 1. The posteroanterior chest X-ray taken before 
TLE procedure

Figure 2. The posteroanterior chest X-ray taken after TLE 
procedure

a  Medtronic CapsureFix atrial lead, single coil Saint 
Jude Medical Durata high voltage lead and bipolar 
Saint Jude Medical Quickflex left ventricular lead. The 
surgery was uneventful.

As a routine post-procedural follow-up investigation, 
the standard posterior-anterior (PA) and lateral chest 
X-rays were taken (Figure 2. and 3.), which unex-
pectedly showed a round shape shadow in the upper 
pole of the left lung (area completely obscured by the 
previous device in pre-procedural X-ray — Figure 1.). 
Subsequent chest computed tomography revealed 
a pathological mass in the upper lobe of the left lung, 
sized 47x45x41 mm, with irregular, polycyclic borders, 
with contrast enhancement — suggestive for lung 
tumor. Abdominal ultrasound performed in search for 
possible metastatic foci showed no abnormalities. The 
patient was discharged from hospital and referred to 
a pulmonology department. 

Subsequent telephone follow-up with the pa-
tient’s  family member revealed that the patient was 
qualified only for palliative therapy and eventually pa-
tient died in September 2016 due to respiratory failure.

Timeline of events

2009.10 — ICD implantation for secondary prevention 
of sudden cardiac death.
2012.02 — Electrical storm only with mild hypokalemia 
identified as the only reversible cause. Amiodaron 
added to therapy.
2014.09 — First signs of high voltage lead dysfunction.
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cer, but the authors concluded that extended follow-up 
data are needed to elucidate risks for individual cancer 
types [2]. According to the literature, there have been 
cases of patients with CIEDs and lung cancer showing 
successful treatment of those patients with radiotherapy 
[3–4]. If radiotherapy is indicated or additional diagnos-
tics is needed (i.e. lung biopsy) and it’s not possible due 
to localization of CIED, there is always a possibility to 
relocate or remove the device. However, the radiotherapy 
is not the only possible treatment for lung cancer in the 
CIED recipients. In case of the interventional pulmonol-
ogy procedures consultation with a physician involved 
in the CIED implantation is always required. It is usually 
necessary to change the parameters of the device for 
the time of surgery in order to prevent adverse events 
and more frequent follow-up visits in the Outpatient 
Electrophysiology Clinic in the course of radiotherapy 
are warranted. 

The distinguishing feature of this case is an incidental 
diagnosis of lung cancer after relocation of the device 
during the exchange procedure. The pathological finding 
that was present prior to the surgery and could suggest 
a neoplasmatic process were the enlarged axillary lymph 
nodes. It was only the accidental change of the position 
of the device that allowed to visualize the previously 
invisible pulmonary field. In a case report presented by 
Bowers et al. two patients were also diagnosed with lung 
cancer directly posterior to a previously implanted ICD 
device, but in both cases, the new opacities were not 
completely overshadowed by the device [5]. One should 
be remembered that the field under the CIED may be not 
visible in the standard PA chest X-ray. This is important 
as the number of CIEDs recipient’s is increasing and lung 
cancer is one of the most frequent cancers.

Learning points

The area under the CIED cannot be seen in the standard 
PA chest X-ray and this should be kept in mind. In order 
to visualize this lung area, there is a need for an additional 
side chest X-ray or a computed tomography (CT) scan. 

In patients with CIEDs and symptoms suggestive of 
lung cancer, but normal results of the standard PA chest 
X-ray, extensive imaging methods should be applied. 
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