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Congenital Diaphragmatic Hernia in Rats Using
Nitrofen: An Animal Model

Whan Bong Lee, M.D., Jai Kyoo Lee, M.D.1, Pyong Chan
Lee, M.D., Byung Jun So, M.D. and Kwon Mook Chae,
M.D.

Purpose: Since 1971, Nitrofen (2,4-dichloro-4 -nitrodiphenyl
ether) herbicide has been known to induce variable con-
genital abnormalities in rats. However, until now there has
been no animal model of congenital diaphragmatic hernia
(CDH) using this herbicide in Korea. Therefore, CDH in rats
using Nitrofen was tried for searching on pathogenesis or
using therapeutic modalities of CDH.

Methods: 20 Sprague-Dawley rats ingested Nitrofen as
indicated on the 9.5th day of gestation, and after sacrificing
on the 21th day of gestation. 243 offspring were harvested
for the examination of diaphragmatic herniations. Dissections
were made along sites of herniations to confirm the dia-
phragmatic hemiation's site and size, lung/body weight ratio
comparison as well as to accomplish microscopic radial
saccular counting and evaluation of alveolar septal wall
maturations and a comparision was made between the
groups.

Results: CDH appeared in 149 of 243 offspring. CDH only
appeared in the posterior portion of the diaphragm regard-
less of size or the side of appearance. Left sided CDH was
the most common single diaphragmatic anomaly, represented
in 112 offspring. Right sided CDH was next, found in 31
offspring, and bilateral CDH was seen in 6 offspring. Left
sidled CDH was almost always associated with visceral
hemiations and with pulmonary hypoplasia on the affected
side, which was proved in the decreased Lung/Body weight ratio
and in decreased radial saccular counts and in increased
alveolar septal wall thickness in the affected lungs of CDH. In
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94 offspring without CDH following exposure to Nitrofen,
moderate pulmonary hypo plasia was microscopically observed.
Conclusion: Initial Rat modeling of congenital diaphragmatic
hernia using Nitrofen showed results of herniation and
pulmonary hypoplasia of the affected lungs acceptable for
further experimental studies on CDH and accompaning
pulmonary abnormalities. (J Korean Surg Soc 2001;60:
355-360)

Key Words: Nitrofen, Congenital diaphragmatic hernia, Ani-
mal model, Rat
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7A3to] 7] Kb #H ApA|e] A A (retardation of growth
and maturation) & #] %] ¥ A} Z(Pulmonary hypoplasia)o] 7]
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Tube)E o] &2l 1 FoJslaL Olive oilthg S 7o
3l 5 ulg]l 9 #HE FFHgH(Control Group) 2. & 4Akgkt}. 9]
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o2 7 #H 9] 43Lol|A] A4 H (coronary section)S 2] 5]
o] Hematoxylin-Eosin 348 A|3§3l 3 43+ Hu|7] @]l
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Radial Saccular Count(®}AFA) #| 4= Z4)+= Emery and
Mithale] W] SJAsHo] X 100018 Qrl7 Aokl

A Wb 5 7] 347 (bronchiole) & FA &2 WAEE] A
Fol Mg A4 wake g 2.8 F7kol Aol o))
X A= #H E(alveolar sac)e] & o}y &As}9ic)

H EF7 A4 % (Maturation of alveolar septum)y= 33| A
Z(alveolar epithelium)®] RoF 1l B3I FAo] ZAx|=3
(interstitium) 2] ¥, R A B (capillary ingrowth)] &
5 g dlxF4e] A o =A% #Ee F, 84
ot Ao G¥ol whE A AL U 59 oA 9
v] < (immature), <7F4 % (moderate) 12| 1L A <r(mature) 2]
AF AR Eskst FA o] A RE
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3) SAHANzE

a2 FA AelE 1@ mean(iHE% %) 3 standard
deviation(ZF3H 3] AlAF 4l p-value 0.05 o]&}2] AlgF-
7+ A& %3 dependent Student-T testZ o] §3}9ch.
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Fig. 1. Idenitfication of CDH after removal of lungs and visceral
organs. Surgical instrument goes through the defect in left
postero-lateral defect of diaphragm (Bochdalek’s Hernia),
which was the most common site of CDH in rat models
using nitrofen.
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wakal Zb7] 21, 84, ddule] o] FEE Hvh o} 7ol AR AE AF AFE shie] Ao )
7P EshA vehd #5 55-9] 377 ZEBochdalek’s o] ZFEATIE Ug AEE vlashs Zlo] by W
hernia)®] 7§, B oflodlA] H7hl A7) 53] £Abolut ojtf Az ol & AT AL 7 fHll o3t A s
A% He A% Age FN Dol BANAD, 93 LA AE Holo] AL Fu 1 FFE 4] B
F3o) YA ALe AT AV FPH BF 242 ArkTable 2. ei7lolA BE YA AL AS Lung
GAY a7be] Exute] F2 BAE g or 4ul] 9 F body Weight Ratiox= 17940508 FF# ko] 21.640.8
ol ARt Aet 5 AR AED A Ao FAW g I wlaste] ugle H g RAo]l  FIE I
o] x|t <.001), Aut AES Ko7 gk HolA % o whs
#o| FAIE 47 A4l AlFoll thit Bl E&(Lung/Body o] BAL 18910784 Jugles WeiAe] AFE &
Weight Ratio)2 w|szgreza] 7k Fgke] o W5 (Growth) Askdchp<.05). 3 AT AL A9 4F 94
AES $AT A%, YA AES B AT A o ALY ASole A 0§ ¥Ae AR #2 YAT
o FEQe) A9 vlwete] A H WLEEA b} Afe] AT B Askel, 27] 1764213 151+
= B9} Nitrofen Fo] Foll= A7 AES HolA] 11.602 vebgot 2 gk el A ] = whs FAe] 4
AdH ANAES] AF AR s FA e B 5 AollA A3k A Kol & Hylew, A ou|=
o Fct. e T Ak
d W BAe ARE Wets ez 4YIeh ut B2 o] &3k Hl9 W 9l Aso] Aolfol] A3k
wEE S8, 2% 9l Maturaton(H 5, A& F2 B
Zrsl 7] el formalin 23S %l Paraffin % 2|3k %3S
Table 1. Sites of CDH in rats appearing after ingestion of nitrofen #o9o HolA 7 43S 8 um FAE x|, H-E 34L&

Nitrofen exposed fetuses Control fetuses

A8Y3l & Emery & Mithal®] Bl ol 3l x200 vf-&3]
] AJofellA] Gridg o]-&3slo] Al|7]3H4] (Bronchiole)o] 4]
4 T e S Fo ARZA 2 connective
tissue septum of visceral pleura)ol] Z|Zto g 10|A /H 0ﬂ
Z (Alveolar Septum)®] LA}&

slo] WA H|3ZS 24 (Radial alveolar counts)& Al og”s}

(n=243) (n=67)
All of CDH 149 (61.3%) 0
Lt. CDH 112 (46.1%) 0
A 2] = o
Rt. CDH 31 (12.6%) 0 ol AAAE A2
Bilateral CDH 6 (2.5%) 0 ) N
None of CDH 94 (38.7%) 67 2w, Table 30|42} o] #F
YA AES HolA g
CDH = congenital diaphragmatic hernia. RatioS Z=As}o] Dyl uk

Table 2. The difference in lung growth along the sites of CDH

9w Akl 79}
735-o11 4], Lung/Body Weight
% Ao Aol dx|stA

All CDH Lt. CDH Rt. CDH Bilateral CDH No CDH Controls
(n=149) (n=112) (n=31) (n=6) (n=94) (n=67)
Total Lung Wt. (mg) 842+5.6 83.7+2.8 88.6+9.0 69.5+19.3 93.0+2.9 105.1+4.4
Total body Wt. (g) 4.82+04 4.77+0.2 4.98+0.7 4.63+12 492+0.3 498+0.4
Lung/Body Wt. Ratio (mg/g) 17.6£0.9% 17.9+£0.5% 17.6+2.1 15.1£11.6 18.9+0.7* 21.6+0.8
Values are Mean = Standard Deviation. *Statistically significant difference from control group. Wt. = weight.
Table 3. Radial saccular counts and alveolar septal maturations along the sites of CDH
Lt .CDH Rt. CDH Bilateral CDH No CDH Controls
n=112 n=31 n=6 n=94 n=67
Radial saccular counts 43+0.2*% 46+0.3 3.9+0.7 45+0.2% 5.0+02
Alveol 1 i
veolar septal maturation so/42/11 8/18/5 e 23/38/33 3/17/46

(immature/moderate/mature)

Values are Mean =+ Standard Deviation. *Statistically significant difference from control group.
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Fig. 2. The histologic differences of alveolar maturation between immature lung (a), moderate lung (b) and mature lung (c) under the
magnitude of X400 of light microscope (Hematoxylin-Eosin stain). From (a) to (c), as the lung maturation progress toward normal
features, the septum of alveoli becomes thinner with lesser connective tissue bundle and flat epithelium with larger surface of

air exchange.
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= AVAA ARk AEL AR Kol ol FAIH oJn]
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F-A, surfactantst} nitric oxide synthetase®] Az AA
A, ZA T AL5E AGP ¥ h(persistent pulmonary
hypertention)] ¥ elled-(16) S5 £]oll 252 hormonest}
vitamins, extracorporial membrane oxigenation(/), oscillating
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