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Abstract Paraquat (PQ) is a very effective and widely used herbicide that was commercially introduced in 1962.
In this study, instead of using antioxidants like in the past, to inhibit the formation of PQ-induced ROS, we attempted
to reduce the oxygen concentration by using non-lethal hypoxia therapy. Therefore, we studied the toxicity of PQ
in vivo, analyzed the major effects of ROS on the targeted lung tissue and compared the results with the gross
histological changes after the cell protective effect of non-lethal hypoxia therapy. /n vivo studies demonstrated that
low-concentration oxygen therapy (i.e., 10 - 12% oxygen) in rats administered with PQ was associated with a higher
survival rate than in rats that received only PQ. /n vivo non-lethal hypoxia treatment showed better survival and less
lung tissue damage. Using a hypoxic/anaerobic incubator with integrated multifaceted molecular analysis, including
MDA assay, glutathione assay, and SOD assay, we established an optimal, significantly reduced in vivo non-lethal

hypoxia treatment by exploiting the PQ-induced cytotoxicity responses.
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[Fig. 1] Hypoxic and anaerobic comi-incubator. We
constructed a hypoxic and anaerobic
comi-incubator for establishing in vivo
non-lethal hypoxic conditions. We observed
the degree of damage by varying the oxygen
concentration. This device enabled us to
conduct various animal experiments under
hypoxic conditions.
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[Fig. 2] Real-time monitoring of rat survival after PQ
treatment (day & night). We intraperitoneally
injected PQ in rats at different time points and
concentrations, and we analyzed the survival
time by real-time camcorder monitoring.
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[Fig. 3] Survival rate after intraperitoneal administration
of different PQ concentrations at different time
points in 10 rats. The results show that all rats
treated with 80 mg/kg PQ died at day 1. The
LD50 value of 60 mg/kg PQ has been
assessed. LD50 corresponding to a 3-day
survival was determined as 30 mg/kg. We
concluded that PQ toxicity was proportional to
its concentration.

[Fig. 4] Gross observation of lung after PQ treatment.
A: Control, B: 20 mg/kg PQ, C: 40 mg/kg PQ.
The concentration of PQ after administration
on day 3 corresponded to the most severe lung
toxicity according to the gross anatomical
observations. The increase of lung weight and
pulmonary edema associated with hemorrhage
were anti-proportional to the concentration of
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[Fig. 5] H&E staining of lung tissue. A, B: Control. C,
D: 40 mg/kg PQ for 3 days. After removing
the H&E stain, increased lung inflammatory
cells and edema were observed in the alveolar
spaces of PQ treated lung tissues.

[Table 1] Characteristics of blood tests. The blood test
of PQ + hypoxia group showed no notable
differences compared to the control group,
while PQ alone induced multiple organ

damage and reductions in the oxygen
pressure were observed.
Characteristics Control PQ PQ
(40 mg/kg) (40 mg/kg)
+Hypoxia
(N=5) (N=5) (N=5)
ABGA
pH 748 738 738
Pa0; (nnHg) % 48 70
PaCO; 4 39 48
(nnHg)
O, saturation(%) 9.3 5.3 8
HCOs 264 153 19.3
(mEq/L)
CBC
WBC (/mm) 4,960+234 5,810+433 5,110+112
Hemoglobin 325+38 31122 34.1£32
Platet (x10* 6,681+367 994+127 3994+119
cells/ul))
Chemistry
AST 51.2+12.6 61+135 53£11.5
ALT 40.9+10.2 499.1+56.3 60.3+36.3
BUN (mg/de) 0.8+0.2 0.8+0.3 12209
Cr (mg/de) 121268 375+135 215%105
LDH 89+45 643118 197+118
Na' 140 +14 144 +12 146 +15
K 4705 51 04 4.2 0.7
cr 98+9 101 8 113 9
Ca” 553+0.5 498 +04 4.89 +0.8
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[Fig. 6] Survival curve of in vivo non-lethal hypoxia
versus normoxia treatment of rat models (5 rats
in each group). Non-lethal hypoxia treatment
model showed better survival rate. Effects of
the non-lethal low-oxygen concentration
treatment (10 - 12% oxygen, established during
the in vivo PQ-toxicity survival experiment)
were determined by comparing the control
group (normoxia conditions + 40 mgkg PQ)
and the study group(hypoxia+ 40 mg/kg PQ).
The results showed that rats treated with PQ
and subjected to hypoxia under experimental
conditions had a high survival rate.
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[Fig. 71 Gross observation of the lungs after PQ
treatment. A: Control. B: 40 mg/kg PQ +10
- 12% hypoxia. C: 40 mg/kg PQ + normoxia

(21% oxygen). At day 3 after the
administration of 40 mg/kg PQ, the sample
with the most severe case of lung toxicity
(determined by gross anatomical observations)
was subjected to a low-oxygen concentration
condition after which pulmonary edema or
hemorrhage were reduced.
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[Fig. 8] We found underwent a low-oxygen concentration
therapy in rats and rats PQ mono-therapy less
than the increase in the weight of the lungs.
*Significantly different from control group at
p<0.05. #Significantly different from PQ+Hypoxia
group at p<0.05.
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[Fig. 9] Hematoxylin and eosin (H&E) staining of lung
tissues; A: control. B: 40 mg/kg PQ. C: 40
mg/kg PQ + hypoxia. After removing the H&E
staining, increased number of inflammatory
cells in the lung tissue and edema in the
alveolar space of the lungs of the PQ-group
were observed compared to the PQ-group that
received hypoxia treatment.
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Sprague - Dawley (SD) rats were exposed
to normoxia (control) or hypoxia after 40
mg/kg (i.p.) PQ exposure. Then, lung
tissues were harvested for measuring MDA
levels. Data [mean + standard deviation
(S.D.)] were normalized to the control
(normoxia-exposed group) that was taken
as 100%. We proved that PQ increased
oxidative stress; however, PQ treatment
coupled with the low-oxygen concentration
therapy reduced oxidative stress.

*Significantly different from control group
at p<0.05. #Significantly different from
PQ+Normoxia group at p<0.05.

B Normoxia
ONon-lethal hypoxia

Control 40 mg PQ/Kg
PQ Concentrations

[Fig. 11] Measurement of total SOD activity. Sprague

-Dawley (SD) rats were exposed to
normoxia (control) or hypoxia after 40 mg/kg
(i.p.) PQ exposure. Then, lung tissues were
harvested for measuring total SOD levels. PQ
treatment with a low-oxygen concentration
therapy reduces oxidative stress.

*Significantly different from control group at

p<0.05.

Caspase-3 activity (Folds of control)
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[Fig.

however, PQ treatment coupled with the
low-oxygen concentration therapy reduced
oxidative stress.

*Significantly different from control group
at p<0.05.

*
#
*
Control 40mg PQ/kg 40mg
+Normoxia PQ/Kg+Hypoxia

13] Caspase-3 activity. Caspase-3 activity was

analyzed in the 40 mg/kg PQ group and 40
mg/kg PQ + hypoxia group. The low-oxygen
concentration therapy is effective in reducing
cell death induced by PQ.

*Significantly different from control group
at p<0.05 #Significantly different from PQ
group at p<0.05.
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[Fig. 14] Real-time qRT-PCR analysis for hypoxia
inducible factor la (HIF). The hypoxic
group significantly increased HIF expression.
The increase in HIF expression under
hypoxia seemed to be related to the
protective effect of hypoxia itself.
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