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The Effects of Nitric Oxide and Sphingosine 1-phosphate on the Pulmonary Microstru-
cture in a Rat Model of Acute Lung Injury: An Intravital Videomicroscopic Approach

Jae-lk Lee, M.D.*, Sanghoon Jheon, M.D.**, Sock-Whan Sung, M.D.**, Joo-Hyun Kim, M.D.***

Background: To evaluate the effects of inhaled nitric oxide (NO) and sphingosine 1-phosphate (S1P) as potential
therapeutic agents of acute lung injury, we analyzed the morphology in vivo of the pulmonary microstructure using
intravital videomicroscopy in a rat model of acute lung injury. Material and Method: Sprague Dawley rats were
divided into five groups: a control group that underwent normal saline aspiration, an acute lung injury (ALI) group
that underwent hydrochloric acid aspiration, and three treatment groups that underwent hydrochloric acid aspiration
and were administered therapeutic agents- the S1P group, the NO group, and the S1P+NO group (n=7 per group).
To quantify alveolar compliance and interstitial edema, the diameters of all measurable alveoli and interalveolar
septa were averaged at one and two hours after aspiration. Alveolar compliance was determined according to di-
ameter changes during the respiratory cycle and the change in tidal volume. Resulf: At two hours after aspiration,
the mean alveolar compliance (% change) in the ALl group decreased significantly versus the control group of rats
(respiratory cycle: 1.9% for the ALl group vs 6.5% for the control group, p=0.03; tidal volume: 3.2% for the ALI
group vs 9.1% for the control group, p=0.003) and versus the NO group (tidal volume: 3.2% for the ALl group vs
16.9% for the NO group, p=0.001). At two hours after aspiration, the mean interalveolar septal thickness in the
NO group tended to be smaller as compared to that in the ALl group (15.2 #m for the ALl group vs 12.3 zm for
the NO group, p=0.06). S1P did not exert a significant effect on the pulmonary microstructure of the injured rat
lung. Conclusion: Improved alveolar compliance and reduced interstitial edema, observed by intravital video-
microscopy, suggest that inhaled NO ameliorates lung injury.

(Korean J Thorac Cardiovasc Surg 2008;41:177-188)
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Fig. 1. Definitions of alveolar diameter and interalveolar septal thickness. (A} Alveolar diameter was defined as the mean value of the hor-
izontal and vertical diameters (fa+b}/2) measured in the end-inspiratory phase; and (B) interalveolar septal thickness was defined as the
shortest distance between the alveoli in the end-expiratory phase.
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Fig. 2. Measurement of alveolar compliance. Alveolar compliance was calculated as the percentage increase of the same alveolar diame-
ter ([a-a]x100/a) from (A) the end-expiratory phase to (B) the end-inspiratory phase (during the respiratory cycle) and from (C) the ven-
tiator-off state to (D) the state after infusion of an additional 10mLikg of air (during the change in tidal volume).
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Fig. 3. Comparisons of microstructural parameters for control group and ALl group. Comparisons of (A) alveolar diameters, (B) alveolar
compliance during the respiratory cycle, (C) alveolar compliance during the change in tidal volume, and (D} interalveolar septal thickness
for the control group and the ALl group in a rat model of acute lung injury, 60 and 120 minutes after a challenge with normal saline or
HCl (n=7 in each group), measured by intravital videomicrascopy. White bar, control group; black bar, ALl group. *p<0.05 compared with
the control group.
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Fig. 4. Comparisons of microstructural parameters for S1P group and control/ALI group. Comparisons of (A) alveolar diameters, (B) alveolar
compliance during the respiratory cycle, (C) alveolar compliance during the change in tidal volume, and (D) interalveolar septal thickness
for the S1P group and the control/ALI group in a rat model of acute lung injury, 60 and 120 minutes after a challenge with normal saline
or HCI (n=7 in each group), measured by intravital videomicroscopy. White bar, control group; black bar, AL group; gray bar, S1P group.

*p<0.05 compared with the control group.
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Fig. 5. Comparisons of microstructural parameters for NO group and control/ALI group. Comparisons of (A) aiveolar diameters, (B) alveolar
compliance during the respiratory cycle, (C) alveolar compliance during the change in fidal volume, and (D) interalveolar septal thickness
for the NO group and the control/ALI group in a rat model of acute lung injury, 60 and 120 minutes after a challenge with normal saline
or HCl (n=7 in each group), measured by intravital videomicroscopy. White bar, control group; black bar, AL} group; gray bar, NO group.

*p<0.05 compared with the control group; Tp<0.05 compared with the ALl group;
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Fig. 6. Comparisons of microstructural parameters for S1P+NO group and control/ALI group. Comparisons of (A) alveolar diameters, (B) al-
veolar compliance during the respiratory cycle, (C) alveolar compliance during the change in fidal volume, and (D) interalveolar septal thick-
ness for the S1P+NO group and the control/ALl group in a rat model of acute lung injury, 60 and 120 minutes after a challenge with
normal saline or HCl (n=7 in each group), measured by intravital videomicroscopy. White bar, control group; black bar, ALl group; gray
bar, S1P+NO group. *p<0.05 compared with the control group; Tp<0.05 compared with the ALl group.

Table 1. Physiologic and biochemical parameters

SBP (mmHg) SPAP/SBP PAWP (mmHg} PaO, (mmHg) BAL protein (mg/mL) MPO activity (Ufug)
60 min Control 08.8+6.6 0.22+0.02 16.0£1.8 471.2120.0
ALI 81.2+10.6 0.41+0.09*% 23.8+2.1* 202.0+43.3*
SIP 90.619.1 0.26+0.02 18.811.7 296.9144 4%
NO 85.5+6.5 0.25+0.027 15.9:1.6" 232.8+51.4*
SIP+NO 927472 0.23+0.03 " 1531067 217.1+44.8*
120 min  Control 95.2+6.36 0.2210.01 14.8t1.4 477.1+£38.8 0.67+0.13 0.05+0.01
ALl 73.7+4.6 0.47+0.09* 26.5£3.5* 109.9+21.7* 2,77+0.20* 0.94+0.23*
SiP 70.8+£7.5 0.30+0.04 22.6£2.0 248.4+45.6* 2.42+0.35% 0.55+0.05
NO 71.8+6.64 0.24i0.034r 17.1i2.1T 220.0+48.1* 2.17+0.29* 0.38+0.11
S1P+NO 74.2+7.6 0.26’:0.03Jr 16.3ir0.i§Jr 163.5+£33.2* 2.14+0.31* 0.4620.19

Values are meanstSE. ALl=acute lung injury; BAL=bronchoalveolar lavage; MPO= myeloperoxidase; NO=nitric oxide; PaO,=arterial
oxygen pressure; SBP=systolic blood pressure; PAWP=peak airway pressure; SPAP=systolic pulmonary artery pressure; S1P=sphingo-
sine 1-phosphate; *p<0.05 compared with control group; Tp <0.05 compared with ALI group.
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Fig. 7. Histopathologic assessment (hematoxylin and eosin stain, *400). Control group (A) exposed to intratracheal normal saline demon-
trated a preserved lung parenchymal architecture, but ALl group (B) developed severe damage and prominent hyafinization in the alveoli
and alveolar ducts. These findings were diminished slightly in the S1P group (C), and significantly in the NO group (D) and the S1P+NO

group (E).
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B o] AFolAE FA #H €4 w4 2ol nitric oxide (NO)®} sphingosine 1-phosphate (S1P)Z
Folg &, o] v A= W3LE AA HZ du]7(intravital videomicroscopy) 22 A WellA 2 A
st et er BAste], F4 9 E4 NEHoEA o] AFE HrlstnA sl U
Y X Y WA (Sprague Dawley rat) 3502l & 5702 Uitk A Ad4E FYAT =T
(n=7), 0.1 N HCl& §9A1A o £4¢ 53 A &4 d2FALIE, n=7), 3 €48 f55 2 X
BAE Foi3 X ZF(SIPE, n=7; NOFE, n=7; SIP+NOT, n=7). HFE §E59 7144 HEo AL
£ H7kslr] A, H 4 f 5 F 60583 12086 FH 7t BE HE9 HE7) Ho FAE A
A AF Au)R ez AL HE FFEEE IF FUl w2 A 27 wistel 43 $FH9
H3tol] mbE 27 W2 Hrlsigich 2l 8 E4 F5 1202 Fol|, ALITFY HE 55271 Uiz
T(EF 710 whE Wb ALITF 1.9% vs HET 6.5%, p=0.03; Y3 TFekel wtE w3} ALIF
3.2% vs IZTF 9.1%, p=0.003)% NOT(Y3] FFzkoll wpE wW3h: ALIFE 3.2% vs NOT 16.9%,
p=0.001)el vl3} oju] QA Z&slet #H E4 FE 1208 Foll, NOTFY =X ¥ FAzb ALI
ol w3l A2 A RAUTHALIE 15.2 um vs NOTF 12.3 um, p=0.06). SIP F=o8 = HE &
TE A FEo fAT AgE XA ekskrh BE: w4 A $4 RAS AN HE dn|Ae
2 333 A3 NOT T 58 Mea 284 F58 2444 4 &4 AEE 9371
Aeg AaHrt

M BO L 34 TFTR EHT
2. Nitric oxide

3. #HE
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