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CONJUNCTIVA REACTIVITY TO OXIDATIVE STRESS(Abstract): Highly vascularized and 
deeply involved in the protection of the eyeball and eyelids, conjunctiva seems to be a very sensi-
tive structure to oxidative stress. Despite opinions that sustain oxidative imbalance does not inter-
fere with conjunctiva profile and functions, we incline to consider that oxidative stress affects 
conjunctival components. Material and methods: 42 adult male Wistar rats were randomly dis-
tributed in 6 groups: control/light deprivation/continuous light exposure/induced diabetes mellitus/
diabetes mellitus+light deprivation/diabetes mellitus+continuous light exposure, as forms of 
oxidative stress. After a month, blood for antioxidant enzymes catalase (CAT) and malondialdehyde 
(MDA) assessment was taken, the rats were euthanasized and conjunctival samples were taken 
from all the rats used in experiment. The tissues were prepared for paraffin embedding and H&E 
staining. Results: The number of goblet cells dispersed among epithelial cells were sensible re-
duced in rat conjunctiva exposed to oxidative stress, sustained by significant alterations of spe-
cific biomarkers of oxidative stress, CAT and MDA. Conclusions: there is evidence on conjunc-
tiva alterations in different forms of induced oxidative stress. Key words: CONJUNCTIVA, RATS, 
OXIDATIVE STRESS, BIOMARKERS, ALTERATION, LIGHT, DIABETES MELLITUS

INtROduCtION
The relation between oxidative stress and 

ocular disorders are discussed and analysed, 
the opinion pleading for distinct role of oxida-
tive stress in ocular pathology gaining more and 
more ground today. The eye has a particular 
sensitivity to oxidative mechanisms due to its 
large exposure to the light(sunlight, artificial 
light, etc). An excessive release of reactive 
oxygen species(ROS) has to be correlated with 
a significant degree of morphological and func-
tional ocular alterations (1,2). The conjunctival 
mucosa surface, with its three segments, tarsal, 
fornical and bulbar, is the significant protective 
and supportive structure of the ocular surface, 
because of its capacity to maintain integrity of 
the eye. The maxim exposure of this mucosal 

thin structure is sustained and accompanied by 
a local ion transport, which has an important 
role in maintaining a normal lacrimal film on 
the ocular surface epithelium (3).

Despite all their anatomical structural dif-
ferences, regarding for example the epithelial 
consistency and density of goblet cells, the 
components of conjunctiva are reunited in a 
highly vascularized membrane, perfectly adapt-
ed to connect the eyeball the with eyelids and 
to protect them against a large variety of factors 
from the external environment (4).

The conjunctival epithelium is the first lay-
er exposed to external different stimuli and 
reacts as a complex barrier through its distinc-
tive populations of cells, together with the im-
mune cells from subjacent connective tissue. A 
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key feature of this epithelium is represented by 
the presence of goblet cells, dispersed among 
epithelial cells and joined by them due to tight 
junctions. These goblet cells produce mucin 
viscous gel like, delivered on the ocular surface 
as mucin MUC5AC, in order to maintain ocu-
lar homeostasia, to lubricate and delimitate 
ocular surface from extern pathogens and also 
to include and to remove foreign particles which 
may alter eye functions. Acting like a protective 
barrier, facilitating the reduction of tear film 
surface tension, goblet cells have a specific 

response during oxidative stress (5, 6).
In spite of their numerous functions, goblet 

cells seems to have a particular degree of vul-
nerability, a decrease of their number and secre-
tory activity being frequently associated with 
ocular pathologies. They become main targets 
for diverse factors and the impact of these ag-
gressions is reflected by ocular surface recep-
tivity to perform its functions (7). Changes in 
goblet cells morphology and functions are also 
believe to signal an imbalance of oxidative pro-
cesses, with an increase in ROS level. Our 
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Fig. 1. Rat Conjunctiva A. Control group-normal morphology, goblet cell population  normal 

represented. B. Dark. Moderate presence of intraepithelial goblet cells. C. Continuous light exposure. 
Decreased number of goblet cells D. Diabetes mellitus. Rare, scarsed goblet cels. E. Diabetes mellitus 

and continuous light exposure. Rare intraepithelial goblet cells. F. Diabetes mellitus-dark. A small 
number of goblet cells is revealed in conjunctiva epithelium. HE staining, x20.
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study explored the conjunctival reactivity in rats 
after circadian disorders and induced diabetes 
mellitus as forms of oxidative stress, to reveal 
the existence of a conjunctiva consistent an-
swer.

MAtERIALS ANd MEtHOdS
Experimental design
42 adult male Wistar rats(240-260g body 

weight) were used for this study. The animals 
were randomly selected, marked and distrib-
uted in 6 groupes: control, continuous light 
exposure, dark exposure, induced diabetes mel-
litus, induced diabetes mellitus+dark, induced 
diabetes mellitus + continuous light exposure. 
To induce diabetes, 60 mg/kg single dose of 
streptozotocin was injected in a single intraperi-
toneal administration to each rat from this group. 
A glucometer was used to determine glucose 
blood level. The rats exhibiting a glucose blood 
level  ≥ 280 mg/dl were included in experiment. 
All the animals were maintained at 22°C, water 
and food were available ad libitum. After 40 
days, blood samples were collected from retro- 
orbital spaces for biochemical exam. The rats 
were euthanasized and conjunctival fragments 
were taken from all the rats.

Histological Exam
Samples of conjunctiva from all the rats 

from all the groups were fixed in 10% forma-
line, then processed for histopathologic exam; 
after paraffin embedding, 5 μm sectioned sam-
ples were stained with hematoxylin –eosine 
(H&E)and examined with Nikon Eclipse 50i 
microscope.

Biochemical Assessment
CAT assessment was realized according to 

Aebi method (8) based on hydrogen peroxide 
(H2O2) decay; the rate of H2O2 decomposi-
tion was spectrophotometrically measured at 
240 nm. Dissociation of hydrogen peroxide is 
proportional to catalase activity.  Lipid peroxi-
dation level was determined by MDA estima-
tion, according to 2-thiobarbituric acid method, 
based on chromophore spectrophotometric mea-
surement.

RESuLtS
Our experiment evidentiates the fact that the 

number of goblet cells from rat conjunctiva has 
its own evolution, according to the different 
induced types of oxidative stress (fig. 1). Re-
ported to control, we observed that the number 

Lot

Fig. 2. MDA evolution in induced oxidative stress
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of goblet cells is smaller in the group with light 
deprivation (fig. 1A, fig. 1.B), but is signifi-
cantly lower in group maintained in continuous 
light exposure and the one with diabetes mel-
litus (fig. 1.C, fig. 1.D) and very low in groups 
with associated types of oxidative stress (fig. 
1.E, fig. 1.F).

The biochemical exam of antioxidant en-
zymes MDA and CAT suggested a progressive 
increase of MDA, with a special peak for diabe-
tes mellitus +continuous light exposure (fig. 2); 
CAT decreases, based on similar criteria, most-
ly for diabetes mellitus and diabetes mellitus 
+continuous light exposure (fig. 3).

dISCuSSIONS
Correlations between circadian rhythmicity 

and oxidative stress are believed to determine 
a double modulation of ocular structures, im-
printing them changes in their morphology and 
function. It is still difficult to point out the 
predominant role for each of these two in phys-
iological status of the body; nevertheless, we 
have to notice that the mechanisms involved in 
circadian clock have to coordinate the complex 
visual activity, among many other functions. 
The light/dark cycle is responsible for rhythmic 
succesion of events in normal status of the 

body; the postulated theory regarding the cor-
relations between antioxidative genes and cir-
cadian rhythms seems to be very well con-
firmed in our experimental study, given the fact 
that distinct antioxidative biomarkers values 
reflect the impact of disregulation of photo-
periodicity on antioxidant defence (9,10). 

Due to its specific characteristics and dis-
tribution, conjunctiva can offer the possibility 
to observe the evolution of conjunctiva goblet 
cells number and density in experimentally in-
duced oxidative stress. The stratified epitheli-
um, with a different morphology depending on 
examined conjunctival region and the subjacent 
stromal conjunctiva, react in different types of 
aggression. The light damage on ocular struc-
tures as a result of a prolonged exposure (for 
example, to continuous light) can influence the 
epithelial integrity (12). The continuous light 
exposure in our study appears to be connected 
with a bigger impact on conjunctival rat mor-
phology.

The obtained data can be correlated with an 
assessment of their main function, mucus secre-
tion. In case of alterations in circadian rhyth-
micity, we observed that the number of goblet 
cells dispersed among epithelial cells was in 
evident decrease, this fact sustaining the sub-

Fig. 3. CAT evolution in induced oxidative stress.
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sequent decline of their mucus secretion, with 
all their effects on visual performance (13).

On the other hand, there are numerous per-
tinent and confirmed considerations that hyper-
glycemia, as a result of diabetes mellitus, is 
able to activate distinct mechanisms that gener-
ate oxidative stress and significantly reduced 
antioxidant potential. Since diabetes is accom-
panied by specific complications, oxidative path-
ways are frequently associated to their exacer-
bation, all the pathophysiologic links pointing 
on a massive imbalance between oxidants and 
antioxidants, responsible of complex and di-
verse cellular dysfunctions and even destruction 
(14, 15).

It has been shown that it is a close relation 
between ROS in excess during diabetes mellitus 
and cumulative and harmful effects on human 
body. Oxidative damage related to hyperglice-
mia usually seems to impair the activity of 
goblet cells from conjunctiva epithelium; as 
long as mucins secreted by goblet cells are es-
sential for the integrity of surface epithelium, 
when their secretion is affected, the eye may 
be stripped of its normal tear film (16,17) This 
process will progressively carry on a pro-
nounced disfunction of the conjunctival epithe-

lium, dry eye syndrome being frequently re-
ported (18, 19, 20).

In our case, it is good reason to believe that 
the decreased population of goblet cells in in-
duced diabetes mellitus/circadian rhythm dis-
ruption or both will be responsible for ocular 
surface loss of integrity. Our findings provide 
the idea that under particular conditions involv-
ing oxidative stress, the assessment of antioxi-
dant enzymes-MDA and CAT in our case, in-
dicate not only the amplitude of oxidative stress 
but also the regression of antioxidant defence. 
We consider that appropriate animal models 
based on conjunctiva structure can be success-
fully implemented to investigate oxidative stress 
involvement in developing ocular diseases. 

CONCLuSIONS
Both types of induced oxidative stress have 

an impact on conjunctiva, reflected in variation 
of goblet cells number and also in distinct val-
ues of oxidative biomarkers, such as MDA and 
CAT, suggesting a particular role for oxidative 
stress in ophthalmic pathology. The association 
between altered circadian rhythms and diabetes 
mellitus enables an increased evidence of im-
balanced oxidative status on conjunctiva.
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