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The effects of chlorhexidine gluconate and silver nitrate on rabbit lung:
an experimental study

Klorhekzidin glukonat ve g m § nifratin favsan akci eri zerindeki etkileri:
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Background: In this study, we investigated the effects of
chlorhexidine gluconate and silver nitrate on the lungs
and determine their utility in operations for pulmonary
hydatid cysts.

Methods: Thirty New Zealand Wistar albino rabbits
weighing between 2750 and 3000 grams were used in the
study and divided into three groups. In the first (control)
group, normal saline (0.09% NaCl); in the second group,
silver nitrate (0.5%); and in the third group, chlorhexi-
dine gluconate (0.04%) was administered intrathraceally.
Thirty days after the procedure, the tracheobronchial and
parenchymal changes in the subjects were evaluated histo-
pathologically. Tracheobronchial changes were evaluated
with respect to tracheal pathology whereas peribronchial
lymphocytic infiltration and parenchymal changes were
evaluated with respect to interstitial lymphocytic infiltra-
tion, hemorrhage-edema, fibrosis and pneumonitis.

Results: The rate of interstitial lymphocytic infiltration
was higher in the chlorhexidine gluconate group than in
the control group, and the rates of fibrosis and fibrin accu-
mulation were higher in the silver nitrate group than in the
control group. No statistically significant differences in
other parameters were found between the groups.

Conclusion: The results of the study indicate that chlorhex-
idine gluconate (0.04%) has minimal negative effects on
the rabbit lung and tracheobronchial mucosa and is a more
reliable agent than silver nitrate.
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Amac: Bu calismada klorhekzidin glukonat ve gumis
nitratin akcigerler izerine olan etkisi incelendi ve akciger
kist hidatik ameliyatlarinda kullanilabilirligi degerlendi-
rildi.

Caligma plani: Calismada agirliklart 2750 ile 3000
gram arasinda degisen otuz saglikli Wistar albino Yeni
Zelanda tavsani kullanildi ve tavsanlar ii¢ gruba ayrildi.
Birinci grupta serum fizyolojik, ikinci grupta %0.5’lik
giimig nitrat ve ugtincti grupta %0.04’luk klorhekzidin
glukonat trakea yoluyla verildi. Islemden 30 giin sonra
tavsanlardaki trakeobronsiyal ve parenkimal degisik-
likler histopatolojik olarak incelendi. Trakeobronsiyal
degisiklikler trakeal patolojiye gore degerlendirildi,
oysa peribronsiyal lenfositik infiltrasyon ve parenki-
mal degisiklikler ise interstisyel lenfositik infiltrasyon,
kanama-6dem, fibrozis ve pnomoni acisindan degerlen-
dirildi.

Bulgular: Interstisyel lenfositik infiltrasyon orani klorhek-
zidin glukonat grubunda kontrol grubuna gore daha yuk-
sek iken, fibrozis ve fibrin birikimi giimiis nitrat grubunda
kontrol grubuna gore daha yuksekti. Gruplar arasinda
diger parametrelerde istatistiksel acidan anlamli farklilik
bulunmadi.

Sonug¢: Caligmanin sonuglari ile %0.04’luk klorhekzidin
glukonatin tavsan akcigeri ve trakeobronsiyal mukoza tize-
rine minimal negatif bir etkisinin oldugu ve gimius nitrata
gore daha guivenilir bir ajan oldugu gosterilmigtir.

Anahtar sozciikler: Klorhekzidin glukonat; kist hidatik; akciger;
glimilg nitrat.
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Surgery for pulmonary hydatid cyst includes cystotomy,
cystotomy + capitonnage, and enucleation in selected
cases. The most dreaded complication during surgery
is contamination of the thoracic cavity and bronchial
system by the cyst.l"! To prevent thoracic contamination,
many surgeons prefer to use agents such as hypertonic
saline solution, silver nitrate (SN), betadine as well as
scolicidal agents intraoperatively.>*! However, no con-
sensus has been established to date as to the choice of
scolicidal agent, its duration of efficacy, and best con-
centration for use.™

Recently, chlorhexidine gluconate (Chx-Glu) has
been a common preference in general surgery proce-
dures, and its efficiency has been proven.'*” It has been
reported to be safe in surgery for intraabdominal and/or
liver hydatid cysts, while it has not been used in surgery
for pulmonary hydatid cysts. However, before its use in
such operations, it must be ensured that this agent does
not impair the lungs and/or bronchial parenchyma.

This experimental study was initially planned to
determine the effects of Chx-Glu on rabbit lungs. Silver
nitrate, another agent of frequent use was also tested
in the study and thus, the study aimed to determine
the effects of silver nitrate (AgNO3) and Chx-Glu
administered to the tracheobronchial system, on the
lungs and bronchi of the rabbits.

MATERIALS AND METHODS

Permission to conduct the study was obtained from the
Ethics Committee of the University before the study was
initiated (Date/number: 16.02.2006/71). The study was
performed on 30 New Zealand Wistar albino rabbits
with a mean weight of 2750-3000 grams. To investi-
gate statistical differences, three groups of rabbits were
formed with 10 rabbits in each. In the first (control)
group normal saline (0.09%); in the second group,
AgNO3 (0.5%), and in the third group, 0.2 ml Chx-Glu
(0.04%) was administered.

Before the administration of agents, each animal was
anaesthetized with xylazine 10 mg/kg and ketamine HC
20-30 mg/kg intramuscular (im.). Then, a 1 cm vertical
incision was performed. The muscles were retracted by
blunt dissection, and the cervical trachea was reached.
Using an insulin injector, air was aspirated between
the tracheal rings and 0.2 ml of the agent was injected.
Finally, the muscles and the skin were sutured en-bloc
(Fig. 1). After the procedure, 2.2 mg/kg of carprofen
were given daily for three days as analgesic.

The rabbits were sacrificed with 200 mg/kg pento-
thal administration 30 days after the procedure. Samples
from the animals were obtained and were embedded
into 10% formaldehyde. The sampling was taken from
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three different segments of the distal trachea and pulmo-
nary parenchyma of each animal. For histopathological
evaluation, the paraffin blocks of the samples were sliced
into sections of 4-ym thickness, and the sections were
stained with hematoxylin-eosin. Parenchymal changes
(Hemorrhage-edema, interstitial lymphocytic infiltra-
tion, pneumonitis, fibrin accumulation and fibrosis)
were semi-quantitatively evaluated between + and +++
(mild +, moderate ++, severe +++); tracheobronchial
epithelial and tracheobronchial changes (Peribronchial
lymphocytic infiltration) were evaluated as 1 follicle +,
2 follicles ++, 3 and more follicles +++ (Fig. 2) by a
pathologist (Table 1). To determine the rate of fibrosis
in the parenchyma, Mason’s trichrome was used to stain
the samples and the avidin-biotin peroxidase method
was applied to tracheal biopsy specimens.

Statistical analysis

Statistical Package for Social Sciences (SPSS) for
Windows 15.0 version (SPSS, Chicago, Illinois, USA)
was used for statistical evaluation. The data were
evaluated using Chi-square, Fisher’s exact and Kruskal-
Wallis tests. The data were expressed as the mean +
standard deviation. The value p<0.05 was considered to
be significant.

RESULTS

There was no statistically significant histological dif-
ference in tracheobronchial tissues of two groups. The
p value for peribronchial lymphocytic infiltration was
0.621, it was 0.05 for epithelial pathology (Table 1, Fig. 2).

Trachea

Right lung

Left lung

Hearth

Diaphragm

Fig. 1. Intratracheal application of scolicidal agents, schematic
view.
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Fig. 2. Ciliary tracheobronchial epithelium on the surface, sub-
epithelial hyalen cartilage, muscle fibers and follicule generated
(moderate intense) lymphocytes infiltration showed (H-E x 20).
BL: Bronchial Lumen, BE: Bronchial Epithelium, Fol: Follicule.

Evaluation of parenchymal alterations for
hemorrhage-edema revealed no statistically significant
differences between the groups, although hemorrhage-
edema was more common in the AgNO3 and Chx-Glu
groups than it was in the control group. The difference for
interstitial lymphocytic infiltration between the groups
was statistically significant. The Chx-Glu group was
affected more than the control group (p=0.038), while
the difference between the AgNO3 group and the control
group was not statistically significant (Table 2, Fig. 3).

The difference in the rate of pneumonitis between
the groups was not statistically significant, while there
was a higher rate of positivity for pneumonitis in the
AgNO3 and Chx-Glu groups. For fibrin accumulation,
there was a statistically significant difference between
the groups. While the AgNO3 group was affected more
than the control group (p=0.039), the difference between
the control and Chx-Glu groups was not statistically sig-
nificant (Fig. 4). The AgNO3 group had a higher rate of
fibrosis than the control group (p=0.033); however, the
rates of fibrosis in the Chx-Glu and control groups were
not statistically significantly different.

zerindeki etkileri

DISCUSSION

Hydatid disease continues to be an important endemic
problem in many parts of Turkey. The mainstay of treat-
ment for hydatid disease is surgery, but it carries the
risk of intraoperative spillage of scolices. Uncontrolled
spillage of cyst contents may cause secondary pleural or
parenchymal hydatidosis in pulmonary hydatid disease.
Numerous scolicidal agents have been used for many
years and hypertonic saline is the most frequently used
scolicidal agent in Turkey. As complication, hypertonic
saline solution may cause hypernatremia. Betadine (10%
povidone iodine) is a disinfectant that is used as a scoli-
cidal agent by many surgeons but polyvinylpyrrolidone-
iodine can cause renal failure, sterile peritonitis and
sclerosing serositis. Its use is restricted to preoperative
local antisepsis of intact skin.*7#!

Chx-Glu is an antiseptic agent with a broad spectrum
of activity against gram-positive and gram-negative bac-
teria and fungi."! Recent studies have reported success-
ful results on the use of Chx-Glu as a scolicidal agent
in the surgery for intraabdominal hydatid cyst. In one
study, Chx-Glu at a concentration of 0.04% was shown
to kill all of the protoscolexes in five minutes.'®”! Use
of such a potent agent may reduce recurrence rates of
pulmonary hydatid cysts. However, the literature reveals
few studies on this issue. Thus the effects of Chx-Glu on
the lungs are not clearly known.”” This study aimed to
determine the efficacy of the use of Chx-Glu in thoracic
surgery procedures. In the study, the effects of Chx-Glu
on the lungs were studied. Additionally, AgNO3, an
agent of frequent use in thoracic surgery, was studied
of which its effects on the lungs are not clearly known.

Orito et al,” in a preliminary study administering
Chx-Glu directly into the trachea, observed cyanosis
and dyspnea developing in the animals. Although they
claimed injecting the agent into the left main bron-
chus only, the small bronchial structures of rats and
administration of the agent at high concentrations may
have caused the cyanosis and dyspnea. Neither cyanosis
nor dyspnea were observed after the injection of the
chemical agents in our study.

Table 1. Histopathological results of tracheobronchial alterations

Tracheobronchial alterations

Tracheobronchial epithelial tissue

Peribronchial lymphocytic infiltration

Normal Pathologic Normal 1 Follicule 2 Follicules 3 and >3 Follicules
n % n % n % n % n % n %
Group 1 (n=10) 9 90 1 10 6 60 3 30 1 10 0 0
Group 2 (n=10) 8 80 2 20 4 40 1 10 2 20 330
Group 3 (n=10) 8 80 2 20 7 70 0 o 2 20 1 10
)4 0.05 0.621
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Table 2. Histopathological results of parenchymal alterations

Parenchymal alterations

Hemorrhage-edema  Interstitial lymphocytic Pneumonitis Fibrin accumulation Fibrozis
infiltration
Abs. Mild Mod. Sev. Abs. Mild Mod. Sev. Abs. Mild Mod. Sev. Abs. Mild Mod. Sev. Abs. Mild Mod. Sev.
n/% n/% n/% n/% n/%
Group1  8/80 2/20 - - 770 3/30 - - 10/100 - - - 10/100 - - - 10/100 - - -
(n=10)
Group2  7/70 3/30 - - 550 3/30 2/20 - 7770 3/30 - - 550 5/50 - - 5/50  5/50 - -
(n=10)
Group3  7/70 3/30 - - 3/30 6/60 1/10 - 880 2/20 - - 7/70  3/30 - - 990 VIO - -
(n=10)
p >0.05 0.038* >0.05 0.039%* 0.033**

*: Significant difference between group 3 and group 1; **: Significant difference between group 2 and group 1; Abs: Absent; Mod: Moderate; Sev: Severe.

In our study, Chx-Glu was used at a concentration
of 0.04%, two and a half times the minimum concentra-
tion used in the study by Orito et al.’’! The pathological
evaluation of the specimens showed that the group that
was administered Chx-Glu significantly differed from
the control group only for interstitial lymphocytic infil-
tration. Similar to our findings, in the study by Orito
et al.” the group that was injected with Chx-Glu at a
concentration of 0.01% showed mild congestion, while
the groups that received Chx-Glu at concentrations of
0.1% and 1% showed moderate and severe intraalveolar
hemorrhage and congestion. In a case reported by Hirata
and Kurokawa,!'” accidental oral intake of 5% Chx-Glu
resulted in development of acute respiratory distress
syndrome (ARDS) and death of the patient. This indi-
cates the importance of dose adjustment. In our study,
the Chx-Glu group did not significantly differ from the
control group for fibrosis, pneumonitis, and fibrin accu-
mulation. In the light of these findings, it was thought

Fig. 3. Lymphocytic infiltration at interstitial zone in lung pa-
renchyma, fibrin, hemorrhage and mild intense lymphocytic in-

filtration around bronchiole (H-E x 20). ILIL: Interstitial lymphocytic
infiltration; a: Alveoli.
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that at a concentration of 0.04%, Chx-Glu did not cause
a significant damage in the lungs suggesting ARDS.

In the AgNO3 group, the rates of fibrosis develop-
ment and fibrin accumulation were significantly higher
than those of the control group. The rates of intraalveolar
hemorrhage in both groups were also higher than those
of the control group. However, the differences were not
statistically significant. In the light of these results, it
can be said that Chx-Glu is less toxic than AgNO3.

Recurrence is still one of the major problems in
pulmonary hydatid cyst."!! To minimize the rate of the
recurrence, there are ongoing investigations for ideal
scolicidal agents. Despite several studies on this issue,
the concentrations used in some of these studies, and
the time and degree of their efficiency are provided in
table 3.46712131 Table 3 shows that, Chx-Glu has been
found to be the most effective scolicidal agent. Surgeons
frequently start the procedure upon injection of the
scolicidal agent into the cyst before the scolicidal agent
shows its full effect. This reduces the efficiency of the

Fig. 4. Wide fibrin mass, leucocytes and nuclear remnants at in-
terstitium showed (H-E x 40). f: Follicule; a: Alveoli.
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Table 3. Studies with scolicidal agents in terms of efficiency and duration

Active substance Concentration (%) Duration (minute) Efficiency (%)
Puryan et al.l%! Chlorhexidine gluconate 0.04 5 100
Hosseini et al.l"”! Silver nitrate 0.5 5 93.8

Glucose 50 5 97.3
Ciftci et al.! Povidone iodine 10 15 100

Octenidine dihydrochloride 0.1 15 100
Caglar et al.l” Hypertonic saline 20 45 100
Topgu et al.””! Chlorhexidine gluconate 0.04 5 100

agent used. Considering these, an agent of full efficacy
that would act in a relatively shorter time will obviously
reduce operating time as well as recurrence rates.

In conclusion, our results have shown that at a con-
centration of 0.04%, Chx-Glu is less toxic than AgNO3
on the lungs, which is negligible. Lower toxicity and
higher availability of Chx-Glu compared to other scoli-
cidal agents are its important advantages. Even at low
concentrations, it acts in a shorter time with full effica-
cy and is a safe scolicidal agent as previously reported.
Thus, we believe Chx-Glu may be used to reduce the
recurrence rates of pulmonary hydatid cysts.
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