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CROMOGLYCATE: A HEALING AGENT IN ACUTE CHLORINE-
INDUCED LUNG DAMAGE
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ABSTRACT

In the present study the effectiveness of sodium cromoglycate in treatment of alveclar damage
induced by chlorine gas in rats was investigated. Chlorine was generated by chemical interaction
between potassium permanganate and concentrated hydrochloric acid. The rats were exposed to
sublethal dose of chlorine gas. Treatment with 2.5 mg of | ml nebulized sodium cromoglycate
solution over 5 minutes was mitiated 30 minutes afler exposure followed by twice daily treatment for
21 days. Results of this study show that cromoglycate reduced alveolar thickness, septal rupture.
hemorrhage and detachment of the epithelial lining of the bronchioles induced by chlorine g gas

wanrds' Chlorine gas, leg d’lmagn., Rats, Sodium meﬂghmt;

INTRODUCTION

Pulmonary irritants  are normally  classified as
primary and secondary. The primary irritants are
considered 1o be sufficiently reactive m tissues and
produce pulmonary effects that are so marked that
the systemic effects are obscured or much less
mmportant. The effects of the secondary irritants on
the tissues of the respiratory tract arc less pra-
nounced than their systemic effect (1.

The site of response in the respiratory tract is partly
determined by the solubility of the gas in water,
Highly water soluble sases such as NH., H.S50,
and HF are rapidly absorbed as they transverse the
respiratory  tract and cxert their effects predo-
minantly at the upper respiralory tract. In contrast,
low water soluble compounds such as phosgene,
nitregen dioxide and czone attain higher concen-
tration at the parenchyma arcas where their toxic
actions are manifested. Compounds with  inter-
mediate solubility (Cls, SO; and Bry) exhibit their
effects in both upper resprratory tract and the lower
lung tissues (13 The level of response depends on
the concentration of the noxicus compound, the
duration of the exposure and the water content of
the argan affected. MNormally, low concentrations
induce inflammatory responses while high concen-
trations induce carrosion of the alveoli (21,

With advances in the chemical technolopy i the
last century, many groups of compounds have been
produced and found their use in our lives, One
group, which has found a wide spectrum of
application, 15 the chlorinated compounds used in
industry, domestic and in chemical warfare (33 In

industry a bleaching agent in the form of sodiom
hvpochlorite is a powerful disinfectant and a
concentration as low as (1.6 o 9 mg/m’ of chlorine
sterilizes water, The toxic mechanism ol action of
chlerine in the Iving cells is believed 1o be due to
production of reactive hypochlorite ions. hypo-
chloric acid and the free chloride 1on which mteract
as a powerful oxidizing agent with the sullhvdry]
groups and sullur bonds of the cellular proteins (4)
While, for ethical reasons, there 1s no study in
which the lethal level in humans has been definitely
measured, Withers and Lees (1983) estimated 30
minute LCs in humans, following  accidental
cxposures to chloring gas, at a standard activity
according to repular, wvulnerable and average
population to be 250, 100 and 210 ppm
respectively (3),

Previous studies have demonstrated that sodium
cromoglycate to be an effective mast cell stabilizing
apent and at the present it is commonly used as an
anti-allergic agent in the prophylactic treatment of
allergic diseases such as rhmitis and asthma (6), It
has also been used orally in the treatment of
ulcerative colitis and locally in the treatment of
atopic dermatitis (7 with variable results, Smee it
iz not absorbed in Gl formulations available are
usually nebulization, or msulflation in powder or
solution Torm. The mechanism  of action  of
cromoglycate  has  been  sugeested 1o be wvia
stabilization of mast cells and prevention of the
release of a wvarely of chemical mediators [rom
these cells including histamine, SHT and a variety
of potent pro-inflammatory leukotreins (8).
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Although sodivm cromoglycate has been uwsed for
many vears for prevention of asthma, especially in
children (9), there is no report of 1ts effectivensss in
the treatment of alveclar damage, The aim of this
investigation was to assess the effectivencss of
sodium cromoglveale as an agenl in treatment of
chlorine-mduced lung damage.

MATERIALS AND METHODS

Insiruments and Maierials

The nebulizer used was model ZT106d10 (Pari-
Boy, Faber, Germany). The nebulized device uses
vibration mechamsms and praded jet arflow for
production of & Ane mist. Eosin {arbicle number
1345), hematoxylin (article number 4302, Potas-
swum Permanganate and Hydrochloric acid were
purchased from Merck, Germany, Male and female
N-MEI rats of averape weight of 200 g, purchased
from Tehran Animal Cenire (Tehran, Tran), The
rats were housed in hard transparent plastic cages
i rooms that was maintained at 27.3°C and
humidity of 60£10% and had free access to food
and water. The light cycle was on 12 hourly
davimpht bases and the highting conditions were
between 7 AM 10 7 PM.

Stanelardization of the procedure for adminis-
tration of chlorine gas

The animals were positioned in a specially adapted
polvstvrene container ensuring that the nebulized
air was confined within the area where the animals
were held and exposed o during the whole period of
treatment with sodium cromoglyveate solution (2.3
pefml in normal saline, nebulized over 5 minutes
twice daily at 12 hourly intervals for 21 days post-
exposure o a  single sob-lethal chlorine gas
exposure). A simplified diagrammatic representation
of procedure is drawn and illustrated m Figore 1,
Initial studies involved the selection of an appro-
priate sublethal dose of choring gas, which mduced
sufficient alveolar damage. Basically, 1t mvolved
admimsiration  of  chlorine  gas, produced by
chemical interaction of potassium permanganale
with concentrated hydrochloric acid. (Preliminary
experiments showed that addition of (.84 ml of
concentrated  HC1 to a  cork-stopper  beaker
containing 200 mg of KMnOy, and heating the
mixture on a water bath at 70°C to be sufficient for
production of sublethal toxic effects in rats after 7
minutes exposure to chloring pas. The chlorine gas
produced was administered via tubing connected to
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a glass cyhinder (20 x 30 cm) where the rats were
held under fan-operated hood chamber

Experimental protoco!

The next stage was 1o Lest the effectivensss of
sodium cromoglyeate as an agent for teatment of
the chloring-induced lung damase m the rats. For
this purpose, 36 rats were used and divided
randomly inte 3 groups of 12, The first group used
as  positive  control o which  chlorine  was
administered for a period of 7 minutes and during
the subsequent 21 davs nebulized with | ml normal
saline for 3 minutes twice daily, The second group
recerved nebulized sodium cromoglycate solution
(2.3 my /ml over 5 minutes twice daily for 21 days)
starting 30 munutes afller a 7-minute chloring
mtoxication. The third group (placebo group) were
not exposed to either chlorine gas or sodium
cromoglycate, and mstead received only nebulized
normal saling twice daily for 21 days,

I=1 nchulacr needre
naballned min

huusing runiuines

Fig. 1: Simplified diagrammatic representation of the
nebulization procedure during which the rats were
exposed to sodium cromeglyeate selution (2.3 me/Kg
daily for 5 minutes for 21 days) post exposure to
chlorine intoxication. The control rats were similarly
treate] with vehicle (normal saline).

Preparation of the iistological samples

The animals were sacrificed by decapitation, 12 h
after the last exposure 1o the nebulized solution
The Iungs were removed, washed and samples from
base of the lower left and right lobes were fixed in
10% formalin/norma! saline solution for subsequent
histological  staining. The samples  were  then
embedded i paraffin blocks, cut and stained with
hematoxylin and eosin, The parameters of measure-
ments selected for microscopic examination were:
area of hemorrhage, thickness of the alveolar wall,
rupture of the alveolar septa and detachment of the
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cpithelial lining of the bronchicles. Three slides
were prepared from gach ammal, and 18 fields from
each slide were exarmned by random selection {one
figld out of three viewed), with a total of 648 lelds
for cach group. The samples were laken from the
lower lobes of the right and left lungs. By the use of
an cye piece gratienle each field was divided inte
four equal areas and random serial reading along
the tissue sample In a rig-zag manner was
emploved and by this way all the area of each slide
was viewed and assessed. The presence of any
parameters in the viewed felds in each of the
proposed four arcas was given a +1 score. The
maximum possible score for each parameter was
648 x4 = 2392 Each parameter was given a score
ranged from 0 to =4, according to the presence or
absence of the parameter to be measured m the
microscopic (eld of assessment (+4, all the four
areas i cach field contained the parameter under
cxammatont.

The effect of nebulization of sodium cromoglyeate
solution was expressed as the number of arcas
found to contain the parameter under study and as
percentage relative to total proposed 2592 areas.
The percentage reduction in the damage associated
with cach parameter was expressed by utilization of
the following relationship: reduction= (score for
cromoglycate treated-score for positive control)/
score for postlive control= 100,

Statisiical analysis

Mon-parametric Mann-Whitney test was used 1o
compare the results, Results from 12 amimals in
pach group were presemted as meantSEM, a
P=<0,05 was considered as the level of significance.
The percentage incidence and mean scores of
hemarrhage, change of thickness the alveolar wall,
rapture of the septum and detachment i the
epithelium of the bronchioles in rats lung tissue
from maximmum possible score of 2392 in 648
microscopic  ficld observations in the placebo
control, the positive control chlorine-induced lung
damaged and sodium cromoglycate (treatment
groups (n=12 m each group) (Mann-Whitney test.
#+p<() ()] between the positive control and sodium
cromoglycate-treated groups).

RESULTS
Since preliminary experiments showed that 10-min
exposure to chloring gas 1s the minimum period that
causes fatal lung damage, for subsequent experi-
ments, 7-min exposure was sclected and considered
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Photomicroegraph 1. Micrographoe ilhstrations of H &
E. stained rat lung samples taken from normal conlrol
{1, ®100%, cremoglyveate-irented (2 & 3, x 100 and
w4005 and positive control-chlorine exposed lungs (4 &
5, %4007 Mote the extensive hemorrhage (H), invrease
in thickness (T and rupture of the seplum n posilive
control, relative Lo cromoeglyeate-treated

sufficient to mduce lung damage without mmmediate
fatalities.

The results showed that sodium cromoglveate 1o be
effective i reducing all the four parameters under
mvestigation (Table 13 The extent of reduction in
hemorthage and alveolar thickness in cromoglycate
treated group in comparison with the control group
were 37 4% (score reduction from 1946 1o 829 and
TRO% (score reduction from 2250 1o 308) res-
pectivelv. Also, sodivm cromoglycate significantly
reduced the rupture of the alveolar wall Ty 62.7%,
{score reduction from 1871 to 697) and eprthehal
damage by 79.6% (score reduction from 2042 to
539y (Tablel).

The. photomicrographs in Figure 1 illustrate the
histological  ndings  for  negative  unexposed
control, positive untrested control, and  sodium
cromoglycate treated groups and differences m the
four parameters under consideration,

DISCUSSION
The results from these experiments showed that
although sodinm cromoglveate after a pernad of 21
davs did not completely resolve the damages
induced by chlorine gas, but it was capable
reducmg damages associated with its imhalation o
the abveoli significantly. In fact, 2 rats in the
positive control group died before the completion of
the experiments, on davs 10 and 14, while non in
the sodium cromoglyeate group died during 21 days
af the experiment. This observation could be a good
indication of the ellectveness of cromoglveate n
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Table 1. Changes in bronchioles of rat’s lung tissue
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reducing the degree of post-acute damages inflicted
by the chlorine gas,

The percentage of damage induced by chlorine gas
mtoxication was found 1o occur i the Tollowing
order: thickness> detachment> hemorrhage> rupture.
This observation reflects the natural sequences of
acute  inflammatory  responses,  which s
characterized by swelling and redness, due 1o
protein and plasma exudation into the extracellular
space. When the riffiction is severe, as in this study,
Intense tissue reaction and vascular mjury follows
{10). On the other hand, the degree of damapges
following treatment with sodium cromoglyveate was
found to occur m almost m the reverse order as:
thickness< detachment<: hemorrhage< rupture,

The guestion that needs to be addressed is what
mechanism governs these results, There i3 no
simple and straightforward answer to this question
as manyv factors are involved both in the initiation
and reseluticn of inflammatien. It is known that
there iz a close association between inflammation
and resolution of the mflammatory  responses,
Under normal conditions, this results in complete
healing and regeneration of the cellular components
to full function. However, under pathological and
abnormal conditions, full resolution 15 not accom-
plished and resulis in undesirable consequences of
scar or abscess formation, or development of chro-
mic inflammation, and fibrosis (11). In order that a
tisgue returng o s normal function during the
resolution phase, all the process occurring during
its development {12), must be resolved. The
following events may be responsible for such
resolution: removal of the inducing stimuli and
nulbfyving generation of mediators, cessation of
cellular migration from blood vessels, restoration of
the normal microvascular permeability and their
maturation into mature macrophages, and remaval
of extravascular floid, proteins, bacterial and
cellular debris (13), In addition, one of the
hallmarks for tissue regeneration is the absence off

damage (o the extracellular matrix framework. All
these ecvents scem o set the stage for effective
tissue repair. I is not as yet clear which of these
mechanismiz) are modulated by sodium cromo-
glyeate, but the present study demonstrated that this
drug, directly or indircctly, via mast cell stabiliza-
tion has an impeortant role in the resolution of lung
tissues, This assumption is supported by ample
evidences that suggest the mvolvement of mast cells
in many functions of the Nbroblasts, the cells that
are responsible for remodeling and wound repair.
Therefore, 11 1 also possible that stabilization of
mast cells prepares the stape for more normal
plvsiological balance and encourages resolution
{14y,

It has been shown by radiclabeling technigue, that
the phenomenon of alveclar macrophages plavs an
important role in the clearance of particles entering
the lung (13 More recently it has been reported a
fairly rapid recovery following accidental chloring
gas mhalation among people, which suggest that the
lungs has an efficient clearance svstem when
exposed lo noxious stimuli (133, In an fn owive
experiments (16) in which rats were exposed to
phosgene, which is a noxious chlorinated agent, the
extent of damage was dose dependent  and
resolution was found to parallel the reversal of
palymorphonuclear leukocytes. On the other hand,
the mast cells are known to release a variety of
potent pro-inflammatory intermediates, of which the
best known example is leukotriens (8), which singly
and in combination with cellular components induce
persistent inflammatory process, 1t may be inferred
from these studies that sodium cromoglycatle in
addition to its mast cell stabilizing propertics (6),
may have a modulating action on this clearing
process and, directly or indirectly, modifies  the
functional repairative activity of other  cellular
components of inflammation, notably the macro-
phages. Furthermore, since chlorne pas induces its
toxic effects via activation of free-radical formation
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{4y, it is possible that sodium cromoglycate directly
ar indirectly, via hibition of release of proinflam-
matory mediators, acts as a free-radical scavenging
agent  which facilitate the regencration of  the
alveclar.  Other effects  atiribuled to sodiom
cromoplyeate melude direct action on the airway
nerves (177 and antagonism of substance P (15
The mechanigm(s) mvolved in the resolution of the
alveoli may be a combination of all these Tactors.
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CONCLUSION

The overall conclusion that may be drawn from this
study together with resulis from other reports, 15
that sodium cromoglveate via mast cell stabilization
or other actions related indirectly 1o this action may
be mwvelved in the modulation of mechanizsms
imvolved o the clearance and resolution of the
damaged tissue via still unknown mechanism which
deserve further investigations.
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