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ABSTRACT… Objectives: To evaluate the expression of MMPs and oxidative stress markers in 
pregnant Asthmatic females. Period: July 2015 to Dec 2015. Design: Cross sectional. Setting: 
Jinnah Hospital Lahore. Background: Maternal asthma throughout pregnancy unfavorably 
alters pregnancy outcomes but evaluation of the causes, and the ability to assess interventions, 
is restricted having inadequate knowledge of complex interactions between underlying 
inflammation, oxidativestress and structural changes in asthmatic airways. Methods: Total 100 
patients were included in study. Fifty ascontrols. Clinically diagnosed asthmatic pregnant females 
coming to GyneaUnit of Jinnah hospital were included.Females on any medication or suffering 
from any congenital disease were excluded out of the current study. Matrix metalloproteinase’s, 
TNF-α, 8OHdG, 4-HNE and Isoprostanes are measured by ELISA. Results: Results shows that 
MMP- 7 and MMP-9 have positive correlation with proinflammatory cytokine TNF-α but MMP-
8 have significantly positive correlation with it (TNF-α Vs. MMP-8 r=0.946. On the other hand 
MMP-7 has significant correlation besides other MMPS (MMP-7 Vs.8OHdG r=0.719) indicating 
a positive correlation between proteinases and marker of DNA damage indicating epithelial 
shedding in case of Asthma. Conclusion: The sole objective of effective asthma management 
in pregnancy is to prevent exacerbations. Antioxidants should be added in diet so to ovoid 
oxidative stress caused to airway epithelial and structural cells and MMP inhibitors may be used 
as therapeutic agents as well as measuring MMP levels as diagnostic or prognostic markers. 

Key words: Matrixmetaloproteinases (MMPs), Tumor Necrosis Factor-alpha (TNF-α), 
4-hydroxynonenal (4-HNE), 8-hydroxy-2-deoxyguanosine (8OHdG).
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INTRODUCTION
The prevalence of asthma is higher among women 
of reproductive age than in general population. 
Pregnancy is understood as major challenge in 
the management of asthma because it alters the 
course of asthma severity and its management 
which in turn affect pregnancy outcome such 
as low birth weight, prematurity and small for 
gestational age. Asthma although undoubtedly 
characterized by chronic inflammation, but this 
inflammatory response is quite complex. It may 
lead to remodeling response in the airway which 
resulted in structural alterations. These structural 
changes play a pivotal role in physiological 
dysregulation and clinical manifestations seen 

in asthma.1 Matrix metalloproteinase’s (MMPs) 
also called matrixins playing a central role in 
these alterations in structural cells and tissues in 
asthmatics. MMPs are calcium dependent zinc 
containing endopeptidases belong to metzincin 
superfamily. At present in humans there are 
28 members of MMP family known to occur in 
almost all organs and tissues.2 They have a broad 
substrate specificity and play a crucial role in 
diverse biological and pathological processes 
such as cancer fibrosis and inflammation.3 It is 
due to their ability to degrade extracellular matrix 
(ECM), proteolytic modulation of biologically 
active proteins and cell migration.4,5 The family 
of MMPs is categorized into three groups: 
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collagenases (MMP1, MMP8, and MMP13) 
substrate of which is interstitial collagen type 
I, II, and III, (MMP2 and MMP9) are included in 
second type gelatinases degrading gelatins and 
basements membranecollagen such as collagen 
IV as well as stromelysins (MMP-3 and MMP-
7) which degrade a wide variety of substrates 
such as proteoglycans, collagen, lamininand 
fibronectin.6,7 The interstitial collagenase 
subfamily of MMPs MMP-1,-8, -13, and -14 are key 
proteinases that degrade interstitial collagen.8

TIMPs are the major endogenous regulator of 
MMP activities in the tissues. Its family includes 
four members, TIMP 1-4, that are structurally 
related.9 For maintaining the structural integrity 
of tissues, the essential factor is a fine balanced 
equilibrium between deposition and degradation 
of extracellular matrix. In the development of 
pulmonary disease like Asthma the disturbance 
of balance between MMPs and their inhibitors 
TIMPs may be considered to be core event 
in whole process.5 Several types of lung cells 
can release MMPs after exposure to smoke, 
exposure to second hand smoke, chemicals 
used in farming, hairdressing, manufacturing, 
fumes, certain microbes and parasites, growth 
factors and cytokines. MMP-9 was the first 
MMP to be studied in detail in pathogenesis of 
asthma. Evidence has found which revealed 
that bronchial epithelium also express MMP-
9 which in turn behaves as an important player 
to promote infiltration of eosinophils into the 
airways of asthmatics.10 Some other scientists 
have proposed that eosinophils which are the 
major cells in asthma related airway inflammation 
and not the neutrophils are the major factories 
for enhanced secretion of MMP-9 in asthma.11 
Likewise in asthmatics, an increase in the 
expression of MMP-8 has also been documented 
in biopsy samples from bronchi and in 
bronchoalveloar lavage which ascertains that this 
metalloproteinase also plays a significant role in 
the pathology of asthma.12,13 MMP-7 was originally 
known as putative uterine metalloproteinases lead 
to increase invasiveness by activating MMP-2 and 
MMP-9.14 Authors revealed that MMP-7 releases 
HBEGF which promotes cellular proliferation and 
tumor growth.15 MMP-3 also releases HB–EGF 

from extracellular matrix. MMP-3 and MMP-9 are 
able to release TGF-β by cleaving GAGs side 
chains from proteoglycansand activated TGF-𝛽 
regulates the balance of ECM remodeling by 
regulating the expressions of MMPs and their 
tissue inhibitors TIMPS.16,17

In parallel to inflammatory and structural changes 
cells in pregnant asthmatics, cells are subject 
to increased oxidative stress, as stimulated 
inflammatory cells, such as macrophages and 
eosinophils, produce reactive oxygen and 
nitrogen species. Oxidative stress may play a 
significant role in pathophysiology of asthma 
and may be a final common pathway leading to 
tissue damage. The increased oxidative stress 
in asthma is demonstrated by the increased 
concentrations of 8-isoprostane (a product of 
oxidized arachidonic acid) in exhaled breath 
condensates.18 Malondialdehyde (MDA) a 
lipid peroxidation product were found to be 
elevated in plasma of asthmatics.19 8-OHdG is 
prominent marker of DNA damage, released 
into the circulation system after the DNA repair.20 

4-hydroxynonenal (4-HNE), are vital players in 
oxidative stress that is produced from oxidation 
of lipids containing omega-6 acyl groups, such 
as linoleic and arachidonicgroups.21 Alveolar 
macrophages can produce large amounts of 
TNF-α in the lung environment suggesting a 
vital role in the pathogenesis of asthma.22 Both 
structural and inflammatory cells in the airways 
can release cytokines, such as tumor necrosis 
factor (TNF-alpha).23 When patients with asthma 
are given inhalation of TNF-alpha, it causes airway 
hyperresponsiveness and significant increase in 
sputum neutrophilia and eosinophilia within 24 
hours.24

METHODOLOGY
Estimation of Thiobarbituric Acid Reactive 
Substances (TBARS)
Malondialdehyde (MDA) or lipid peroxidation in 
the blood sample of the patients is evaluated 
calorimetrically by the estimation of Thiobarbituric 
acid reactive substances (TBARS) according 
to the explained method of Ohkawa.25 For the 
purpose about 200µl to 0.2ml of sample, 0.2ml of 
8.1% Sodium dodecyl sulfate (SDS), 1.5 ml of 20% 
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acetic acid and 1.5 ml of 0.8% TBA will be added. 
After centrifugation at 3000 rpm for 10 min the 
upper organic layer will be taken and its OD will 
be read at 532 nm against an appropriate blank 
without the sample. Its levels were expressed in 
milimoles.

Determination of Tumor Necrosis Factor by 
ABCAM’s TNF Alpha Human Elisa KIT
TNF alpha is estimated with the help of 
commercially available ELISA kit by Abcam. 
The following kit is designed for the quantitative 
measurement of TNF alpha in supernatants, 
serum, plasma samples and buffered solutions. 
For the purpose monoclonal antibody specific 
TNF alpha has been coated onto the wells of the 
microtiter strips provided. Samples are added 
and the reaction was initiated by adding the 
appropriate amounts of following reagents in 
these wells. When they were incubated for the 
first time monoclonal antibodies were incubated 
along with them. Afterwards they were washed 
and enzyme Streptavidin-HRP was added which 
binds and illuminates it was again incubated 
followed by washing. A substrate solution was 
added which acts on the bound enzyme to 
induce a colored reaction product. The intensity 
of this colored product is directly proportional 
to the concentration of TNF alpha present in the 
samples. And finally absorbance was measured 
with the help of ELISA reader

Estimation of MMP-3, 7,8 ,9,11 and 13
Matrix metalloproteinase 3, 7, 8, 9,11 and 13 were 
estimated by using human ELISA kit (BioVendor).

Estimation of 8-Hydroxy Deoxyguanosine 
(8OHdG)
8- Hydroxy deguanosine (8OHdG) were 
measured by the help of commercially available 
DNA damage diagnostic kit by Enzo Pharma 
USA.

Estimation of 4-Hydroxy Nonenal (4-HNE)
4-HNE was estimated with the help of commercially 
available ELIZA kit by Enzo Pharma USA.

Determination of Isoprostanes
Isoprostanes formed as a result of lipid 

peroxidation was estimated with the help of 
commercially available ELIZA kit by EnzoPharma 
USA.

RESULTS 
The role of metalloproteinases was established 
as prognostic and diagnostic variables and used 
to determine the severity of disease, stage and 
management protocols. The antioxidant profile 
ofasthmatic pregnant females have crucial role 
in the pathogenesis and progression of disease 
as data shown in Table-I. Suggested level of 
malondialdehyde (MDA) differ significantly 
(p=0.018) presented with higher level (5.19+ 0.31) 
in disease group as compared to healthy controls 
(0.945±.31) respectively. The potential initiator of 
underlying inflammation in Asthmatic pregnant, 
TNF-a, higher levels were recorded 9.19±1.09 
in asthmatics as compared to 2.19±0.64 in 
healthy controls. MMP-11 shows higher level 
in diseased (105.16±4.26) as compared to 
control (28.19±3.09). The level of MMP-7 differ 
significantly (P=0.013) among disease group 
(115.26±4.16) as compared to healthy controls 
(56.29±7.16). The levels of MMP-3,8, 9,13 
were recorded higher in asthmatic pregnant 
(41.19±3.09), (110.54±7.18), (245.26±4.16) and 
(173.26±8.16) relative to control (21.06±1.09), 
(31.29±3.09), (40.16±4.16) and (37.19±4.16). 
8OHdG (ng/ml) an indicator of DNA damage were 
recorded to be statistically significant (p=0.016) 
higher among disease group (3.09±0.81) than 
control (16.29±1.73). 4–HNE, is a second toxic 
messenger of free radicals, its higher levels were 
observed (3.19±0.16) as compared to healthy 
one 0.23±0.09. Isoprostanes, a specific product 
of lipid peroxidation are statistically significant 
(p=0.019) and 41.19±3.19 higher in asthmatic 
pregnant than that in healthy control (9.18±0.841).

DISCUSSION
Asthma can be ranked as one of most common 
respiratory diseases tending to convert a normal 
pregnancy into high risk pregnancy with severe 
implications on the development of fetal and 
infant immune system. 
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Since the prevalence of asthma is on an increasing 
trend in the general population, therefore its 
incidence is also increasing in pregnant females 
hence posing an increased threat to normal 
gestational process. asthma exacerbations 
can be referred as one of the most significant 
risk factor towards the development of lethal 
outcome of pregnancy like increase risk of fetal 
morbidity and mortality.Underlying mechanism 
of inflammation and structural changes in 
extracellular matrix involves complex interplay 
of MMPs, cytokines, growth factors and reactive 
oxygen and nitrogen species. There is increased 
production of several inflammatory proteins due 
to increased transcription of selected genes by 
DNA binding factors and transcription factor NF-
kB, which is activated by TNF-α and oxidants 
that are released from inflammatory cells during 
the phenomenon of “respiratory burst”. The 
inflammatory cells have released higheramounts 

of reactive oxygen species that may leak into 
surrounding cells resulting in greater quantities 
of free radicals in tissues of airway. As a result 
of these oxidants the bronchial epithelium shows 
evidence of damage seen in bronchoscopy with 
loss of epithelial columnar cells.26 Evidence for 
this is the increased expression of the epidermal 
growth factor receptor (EGFR, HER1).27 Following 
epithelial insult during asthmatic attack,the 
epithelium becomes an important source of 
mediators, growth factors and chemokines that 
add to prevalent inflammation and fibroblast 
proliferation, leading to airway remodeling.28 

TNF-αmediated NF-κB pathway enhances the 
expression of a variety of genes like VCAM and 
encoding intercellular adhesion molecule-1 ICAM-
1.29 These adhesion molecules are responsible 
for recruitment of eosinophils from circulation. 
Blockade of TNF-α also decreased production 
of Th2 cytokine, levels of serum IgE, goblet cell 

Variables Control (n=50) Subject (n=50) P (≤0.05)
MDA (nmol/ml) 0.945±0.31 5.19±1.08 0.018
TNF-α (pg/ml) 2.19±0.64 9.19±1.09 0.011
MMP-11 (ng/ml) 28.19±3.09 105.16±4.26 0.004
MMP-7 (ng/ml) 56.29±7.16 115.26±4.16 0.013
MMP3 (ng/ml) 21.06±1.09 41.19±3.09 0.047
MMP-8 (ng/ml) 31.29±3.09 110.54±7.18 0.024
MMP-9 (ng/ml) 40.16±4.16 245.26±4.16 0.019
MMP-13 (ng/ml) 37.19±4.16 173.26±8.16 0.040
8OHdG (ng/ml) 3.09±0.81 16.29±1.73 0.016
4-HNE (mmol/L) 0.23±0.09 3.19±0.16 0.038
Isoprostanes (pg/ml) 9.18±0.841 41.19±3.19 0.019

Table-I. Levels of circulating biochemical variables in asthmatic pregnant females

Variables (Vs.) (r) P-Value
TNF-α Vs. 8OHdG 0.591** 0.001
TNF-α Vs. MMP-11 0.564* 0.031
TNF-α Vs. MMP-7 0.746** 0.005
TNF-α Vs. MMP-3 0.758* 0.019
TNF-α Vs. MMP-8 0.946* 0.013
TNF-α Vs. MMP-9 0.749* 0.032
TNF-α Vs. MMP-13 0.568* 0.028
MMP-11 Vs. 8OHdG 0.667** 0.009
MMP-7 Vs. 8OHdG 0.719*** 0.000
MMP-3 Vs. 8OHdG 0.664* 0.041
MMP-8 Vs. 8OHdG 0.630* 0.019
MMP-9 Vs. 8OHdG 0.657* 0.016
MMP-13 Vs. 8OHdG 0.674* 0.034

Table-I. Pearson s’ correlation coefficients of prognostic variables in the development of asthmatic pregnant 
females

4
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hyperplasia and peri-bronchial fibrosis.22 In Table-
II, show a positive correlation between TNF-α and 
MMP-3,7, 8,11, 13. TNF-α Vs. MMP-8, r=0.948, 
TNF-α Vs. MMP -3, r=.758,TNF-α Vs. MMP-7, r= 
0.746, TNF-α Vs. MMP-9, r=0.749, these findings 
show that TNF-α released by inflammatory cells 
increases the expression of metalloproteinases 
by activation of NFkB and through MAPK/ERK 
pathways promoting diverse structural changes 
in the airway from degradation of extracellular 
matrix, proteolytic modulation of biologically active 
proteins including other MMPs and also active 
form of TNF-alpha leading to preterm delivery 
in asthmatic pregnancy. When membrane-
bound TNF-α is converted to a soluble active 
form, this enhancement of its biological activity 
is being mediated by MMP-7 and MMP14.30 

TNF-α amplifies the expression of various MMPs 
that is Stromelysins like MMP-3, MMP-7 and 
collagenases such as, MMP-1, MMP-8, MMP-9 in 
pulmonary fibroblasts.31 TNF-α is widely accepted 
as main initiator and regulator of inflammation 
and isupregulated in the asthma biopsies32 and 
persistently high TNF-α is significant independent 
risk factor for Asthma.33 TNF-alpha had been 
linked with increased expression of adhesion 
molecules such as VCAM, ICAM and E-Selectin 
resulting in increased migration of eosinophils 
and neutrophils.34

In the present study there is a positive correlation 
between TNF-α Vs. 8OHdG r=0.591 suggesting 
an association between proinflammatory cytokine 
TNF-α and 8-OHdG which is the indicator of DNA 
damage in airway epithelial cells .Reactive oxygen 
species and nitrogen species can induce cytokine 
and chemokine production through induction of 
the oxidative stress-sensitive transcription of NF-
kB in bronchial epithelial cells.35 In Table-II, there 
is a positive correlation of MMP-7 Vs.8OHdG 
r=0.719*** suggesting that various oxidants 
lead to inflammation in the airways by activation 
of production of proinflammatory proteins 
ultimately resulting in increased expression of 
MMPs in various inflammatory and structural 
cells. The increase in matrix leads to protease/
antiprotease imbalance resulting in loss of 
integrity of extracellular matrix and production of 
factors like TGF-β, IGF, PDGF and HB-EGF. These 

growth factors by various pathways like MAPK/
ERK and AP-1 leads to tissue damage and tissue 
remodeling with loss of columnar cells known 
as epithelial shedding evidenced by presence 
of mucosa in sputum of pregnant asthmatics.
Certain hazardous pregnancy outcomes have 
been associated with maternal asthma such as 
preeclampsia, intrauterine growth retardation, 
preterm delivery.36 Abruption placentae, antenatal 
or postnatal haemorrhage.37 All these tissues may 
mediate cooperative or divergent signals that 
lead to preterm or term parturition by triggering 
the onset of labor comprises a fetal endocrine 
cascade involving the fetal HPA-axis which, in 
most species, leads to an increase in estrogen 
and decrease in progesterone in maternal 
plasma. Mazoret al.,38 determined that medican 
plasma 17 beta-estradiol is significantly higher 
in women with preterm birth and significantly 
lower progesterone/17 beta-estradiol ratios than 
those women who are delivering at term. The 
resultant oxidative insult leads to elevated cortisol 
and oxytocin levels and along with it there is 
increased expression of the oxytocin receptors.39 
These two effects leads to commencement of 
phosphoinositol pathway due to which calcium 
bind with calmodulin, this complex in turn 
mediate uterine contractions by enhancementof 
actin myosin interactions, ultimately leading 
to premature rupture of membrane heading to 
preterm labour.40

CONCLUSION
The objective of effective asthma management in 
pregnancy is to sustain the finest possible asthma 
control and avoid exacerbations, preventing 
day and night symptoms and maintaining lung 
function and normal activity. Antioxidants should 
be added in diet so to ovoid oxidative stress 
caused to airway epithelial and structural cells and 
minimize the complex interplay between oxidative 
burden and airway remodeling ultimately leading 
to prematurity. The excessive airway remodeling 
as a result of an imbalance in the equilibrium of 
the normal process of synthesis and degradation 
of ECM could substantiate antiprotease treatment 
as MMP inhibitors may be used as therapeutic 
agents. MMP levels may be utilized as diagnostic 
or prognostic markers. Other possible approaches 

5
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may be tissue targeted gene therapy with TIMPs 
or TIMP variants that selectively inhibits specific 
matrixto prevent excessive proteolysis damage to 
the tissues.
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