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Preventive Effect of Garlic Administration on Respiratory Toxicity Induced
through Intratracheal Instillation of Fine Dust (PM,,) in Rats
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ABSTRACT

Objectives: Exposure to fine dust (PM,) could contribute to the occurrence of cardiovascular disease or
respiratory abnormalities. Since garlic is known to possess an anti-oxidative stress effect, the present study was
performed to evaluate the effect of garlic intake on fine dust-mediated pulmonary toxicity.

Methods: Rats were intratracheally instilled with fine dust at 15 mg/kg body weight (BW)/day for five days
following five-day intragastric intubation of garlic at 0.7 or 1.4 glkgBW/day, or 13.1 mg/kgBW/day S-allyl-cysteine
(SAC) as a reference component in garlic. Blood and bronchoalveolar lavage fluid (BALF) were collected.

Results: Deposit of fine dust was visually and histopathologically observed in the lungs. Body weight gain during
the instillation period was significantly lowered in all the groups instilled with fine dust. Neutrophil numbers in
blood were significantly elevated in the fine dust alone group, but this alteration was diminished in the groups
administered with garlic. Levels of serum glutathione were lower in the rats instilled with fine dust alone, and this
decrease in the glutathione level seems dose-dependently compensated among the groups administered with garlic.
Similar findings were observed in the BALF with statistical significance. Typical pulmonary histopathological
observation related with inflammation was demonstrated in the lungs of the rats exposed to fine dust alone, whereas
such histopathologic findings were not improved in the groups administered with garlic.

Conclusion: The present study suggests that garlic intake could alleviate fine dust-mediated pulmonary or
systemic toxicities. Further investigation is necessary to delineate the mechanism of garlic-mediated effects on
pulmonary function.

Key words: Fine dust instillation, garlic intake, glutathione, oxidative stress, pulmonary inflammation

TCorresponding author: Dept. Toxicity Assessment, Graduate School of Medical and Health Industry, Daegu Catholic
University, Gyeongsan-si, Gyeongbuk, Korea, Tel: +82-53-850-3630, E-mail: cykim0813@cu.ac.kr

TCo-corresponding author: Dept. Occupational Health, College of Bio and Medical Sciences, Daegu Catholic University,

Gyeongsan-si, Gyeongbuk, Korea, Tel: +82-53-850-3737, E-mail: yeho@cu.ac.kr
Received: 26 October 2020, Revised: 13 November 2020, Accepted: 16 November 2020

667


http://orcid.org/0000-0002-5469-1439
http://orcid.org/0000-0003-2072-7410
http://orcid.org/0000-0002-7356-1605

N
D
[=-]
i)
o
0
oN
ry
4o
op
08
g
o
08
ok
_O't
of
4>
i)
A

- Uis| - HY oIS - H 8 - AN

A 2 dzk 3487 FopllA 7P B2 AA
o] HAY FA F stvt= mIAHA(fine dust,
particulate matter, PM)°|t}. mlAHX] 2] dkA) L =}
AA AU Q19141 Hle] glom, Q191491
A Ao AFEARt FUAIE, 287 A7 5
o] mjddelv FHAAH Y FHAIANA HEE =
AAeHE, ofshibks, W, 9F, daksieia: Fol
Aomh ol AAdA o F TAE WA HT}E HA4o]
o Zste], 774l vRle= FEe] At vARA=
FORE A F gl AR YA vig 22
AAE dB= 7] T4 FHEEEA AEel 10
mm R} 2R 0 HER](PM, )2} AE°] 2.5 mm E
o} 2R ZHAHA|(PM, )& W™ A AR 7]
(World Health Organization, WHO)= 1987d%-E
HAHAE 7] A 7te|=aielel] E3tste] Halste
gkow, WHO <2tst =A<+ 4x(International
Agency for Research on Cancer)o|l4= 2013d4-E
UAHA S AFFeA Loo] ElE 17+ WeHEE
(Group NE AAsFATE

AR = #AE, H ek, vHdH24d #H2 2 (Chronic
Obstructive pulmonary Disease, COPD)&] A &3}
- A AABAE Y= A= gEA deH, A
WellA AstiEd s fia AFNeS 2d S F
UTEF TS v AR FE7t 10 mg/m® S7FE
wjuict gd g HElTo 2 Qs YAEL 2.7%,
APFES 1.1% S7FstH ZuARAe] F27t 10
mg/m’ S7H wuit HYg BEES 9% S7HEH,
APASE B H @S] A7 e 7A A2

Az o] A8 AaRe] 24S otsiAl)
o) ]

—

g0l
o A wAHAE Eo] WAskE A =
Ake] ZAATH dxle Age7g e ti7]M =
= A dRRleAE A7 FAIZ AR AL 3l
Ao A7t gl tEk Aol moAwA
e571Age] o 9 A5 27t e AAAAE

=
of theh B4 9] EopAAL Sl 2 F vhe of

Y
o)
H
s
K
i
RUE
0,
>
oty
1o
o}l
1pr
ro
o
iy
p)
of off W H1 He M ow

J Environ Health Sci 2020; 46(6): 667-675

-

Alokst 9] ole) el A7) o AFRY
ohije 245 aT] e o 2 A5
grow, 342l A7E Ba) 487)
stk Phee Bk, B9F, P

¢

%

|
Mmoo
ot w

T
12 o W
N9

2
2

gy

N
ofr
1]
>,
Xi
r\l
B~
ot
N
lo
N
ofr
i
2
S md Rl 2

il ol
o
n‘]m k=) o

=
b
uicq
2
=)

it
N
ofr

4
O
toe

f
i)
ofN

o
il:
2
o
2

r
o

:

FI7E ol HarEal Q9 whso] o
3ol Bt Slee A u) vARA] =E

2 AFE A=E ols) nAHAe] 7 f 3
A 3718 H 54 7 AEE Hrhstal vt
o] A7 olgld F430 d It d=AE
BT 3 rhse] FAE T SRl S-4E
Al 2=E|Q](S-allyl-cysteine, SACYS AR&3lo] mlse
Bss Asstaa skt

o o] & (Control) 35, PIHIHA] TEFo
(Dust) 37, HAAA+rHs A& Fo(Garlie
(Low)) 457, PIARA+rs 3187 Fo7(Garlic
(High)) 47, "AHR|9} SAC FoI(SAC) 352
SIATH AR &% 2243°C, AUIHE 30~70%,
7] 314 10~208]/hr, YEUO} FE 20 ppm ©]3F,
z ¥ 13]/12 hr, 2% 150~300 Lux, £~ 60 dB
olste] =1oIqle}. Aoje} A= ARAHHTE ol F
ojxrh. & AF2 drlEgdista FEAE A
S193]e] Aej(FelWs: IACUC-2018-038-135)c]
upe} 8= et

http://www.kseh.org/



Sgofl thet 02l dlg=at B 669

Fig. 1. Instillation of fine dust into rats using the Visual Instillobot. (A) The PM,-like fine dust in deinonized distilled
water, (B) Visual Instillobot structure, (C) Pulling tongue to secure the airway following anesthesia,(D) Location
of vocal cord using camera connected to the Visual Instillobot, (E) Instillation of fine dust when the nozzle of
Visual Instillobot approaches to trachea.

Day0 Day1l Day5 Day7 Day8 Day12 Day14 Day15
I I | | | | I | | | I | I |
I | I 1 I 1 I I I I I 1 | I 1
€ - > > € - - > G
T Intragastric Rest Instillation Rest T
administration * Group1- distilled water :
Group separation - . G,.ou":z_ dust Sacrifice
+ Group1- distilled water
o + Group3- dust
* Group2- distilled water G
" + Group4- dust
+ Group3- garlic(low) . G 5. dust
*+ Groupd- garlic(high) Eetigs= O
* Group5- S-allyl-cysteine
1 week 2 weeks

Fig. 2. Overall experimental design. Rats were intra-gastrically administered 5 times with vehicle distilled water, 0.7 or
1.4 g garlic/kg-body weight (BW)/day, or 13.1 mg S-allyl-cysteine/kg-BW/day. After two day resting period, 5
time intra-tracheal instillations of PM,-like fine dust were proceeded for 5 days at concentration of 15 mg/kg-BW/
day. Blood and bronchoalveolar lavage fluid were collected two days after the last instillation of fine dust.
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Fig. 3. Differences in body weight gain during the PM,o-like fine dust instillation period. Data were expressed as
means£SDs (n=Control; 3, Dust; 3, Garlic (low); 4, Garlic (high); 4, SAC; 3). *p<0.05; significantly different
between the Control and the Dust, Garlic (Low) or SAC group. *p<0.05; significantly different between the Dust

and the Garlic (High) group.
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Fig. 4. Quantitation of major blood cells. Data were expressed as means+SDs. (n=Control; 3, Dust; 3, Garlic (low); 4,
Garlic (high); 4, SAC; 3) *p<0.05; significantly different between the control and the Dust group. Abbreviations:
WBC (white blood cells), LYM (lymphocyte), NEU (neutrophil), RBC (red blood cells).
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Fig. 5. Glutathione levels in serum or bronchoalveolar lavage fluid (BALF). Data were expressed as meanstSEMs
(n=Control; 3, Dust; 3, Garlic (low); 4, Garlic (high); 4, SAC; 3). *p<0.05; significantly different between the
Control and the Dust group. *p<0.05; significantly different between the Dust and the Garlic (High) group.
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Fig. 6. Photomicrographs of rat lung (hematoxylin & eosin stain, X400 magnification except). (A) Control group, (B)-(C)
Dust group, (D)-(E) Garlic (Low) and Garlic (High) group, respectively, (F) SAC group. The black arrows indicate
fine particles deposited and the red arrows indicate macrophages, neutrophils or eosinophils.
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