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Effects of inhalation of polyhexamethylene guanidine disinfectant aerosol on immune organs
and immune cells in mice  YANG Zhengli, SHAO Naimin, DING Yu, XU Jing, LIU Junli, LIU Xi, QIAN
Kelei, HONG Xinyu (Institute of Chemical Toxicity Testing/ State Environmental Protection Key
Laboratory of Environmental Health Impact Assessment of Emerging Contaminants, Shanghai
Municipal Center for Disease Control and Prevention, Shanghai 200336, China)

Abstract:

[Background] The respiratory toxicity of inhaled polyhexamethylene guanidine (PHMG) has been
extensively studied since the humidifier disinfectant incident. However, the impacts of inhalation
of PHMG on the immune system are not comprehensively studied yet.

[Objective] To explore the effects of inhalation of PHMG disinfectant aerosol on major immune
organs and immune cells in mice.

[Methods] Thirty male C57BL/6J mice (6-8 weeks old) were randomly divided into three groups:
control, low-dose (0.1 mg:-m~ PHMG), and high-dose (1.0 mg-m~ PHMG), with ten mice in each
group. The mice were administered by oral-nasal inhalation of PHMG aerosol for 4 h per day, 5 d
per week for 4 weeks consecutively. After designed treatment, venous blood was collected from
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the inner canthus of the eyes of mice and peripheral hematological indicators were measured with a blood analyzer. Then the mice were
sacrificed by cervical dislocation and the lung, thymus, spleen, and femur were isolated. Lung, thymus, and spleen were weighed and organ
coefficients were calculated, and single cell suspensions of thymus, spleen, and bone marrow were prepared to analyze lymphocytes
phenotypes and proportions by flow cytometry.

The body weight of mice in the high-dose group was lower than that of mice in the control group (P <0.01) from the 7th day of
inhalation, and decreased by 15.74% compared with that of mice in the control group at the end of inhalation (P < 0.01). The lung coefficients
of both the low-dose and high-dose groups were higher than that of the control group (P <0.01), the thymus coefficient of mice in the
high-dose group was lower than that of the control group (P <0.05), but the spleen coefficient did not change significantly (P> 0.05).
Leukocyte count [(1.49+0.22)x10%L™], lymphocyte count [(0.960.36)x10%L™"] and its proportion [(63.13+14.96)%] in the peripheral
blood of mice in the high-dose group were lower than those in the control group [(2.69+0.25)x10°-L™, (2.33+0.28)x10°-L™", and (86.23+
3.40)%, respectively] (P<0.01), whereas red blood cell count [(12.32+0.46)x10"-L™"], hemoglobin count [(175.25+4.65) g-L™"], and hemat-
ocrit [(53.55+0.70)%] in the peripheral blood of mice in the high-dose group were higher than those in the control group [(11.11+0.37)x
10™L7, (160.67+4.04) g-L ™, and (45.1049.75)%, respectively] (P< 0.05). Compared with the control group, the proportion of CD4+ CD8+
double-positive T cells decreased (P < 0.05), the proportions of CD4+ T cells and CD8+ T cells increased (P <0.05), and the amounts of
CD8+, CD4+ CD8+, CD4+, and CD4- CD8- cells decreased (P < 0.05) in the thymus of mice of the high-dose group, the proportion of CD4+ T
cells in the spleen of the high-dose group increased (P <0.05), the proportions and amounts of T cells, CD4+ T cells, and CD8+ T cells in
the bone marrow of the high-dose group increased (P < 0.05).

Inhalation of PHMG may cause thymic atrophy, disrupt T-lymphocyte development, and lead to an imbalance in the number
of immune cells in the bone marrow, peripheral blood, and spleen, suggesting that inhalation of PHMG induces immune dysfunction.

polyhexamethylene guanidine; disinfectant; inhalation toxicity; immunotoxicity; thymic atrophy
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B, RAETIRA 1.5 Lmin™, RAFEFRA 30 L, A 5mL
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[Note] Compared with the control group, *: P<0.05, **: P<0.01.
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Figure 1 Effect of PHMG disinfectant aerosol inhalation on body
weight in mice
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(High-dose group)

&1 R PHMG JHEFRSAR/NRAT2E RV M
Table 1 Effects of PHMG disinfectant aerosol inhalation on organ

coefficients in mice
EA{I(Unit): %

AEER K XTERZH EFIE4H BfEa
(Organ coefficient) (Control group) (Low-dose group) (High-dose group)
BifEE 22 38 (Lung coefficient) 0.67+0.07 0.81£0.07" 1.81£0.32"
BEAE R ¥R (Spleen coefficient) 0.20£0.01 0.21£0.02 0.1840.03
BIBR Z R (Thymus coefficient)  0.16+0.03 0.18+0.01 0.0940.04"

[E ] SXERALLIR, *: P<0.05, **: P<0.01o
[Note] Compared with the control group, *: P<0.05, **: P<0.01.

&2 R PHMG JHEFSAR/NRSMNE M & F
FEARAYRZ I
Table 2 Effects of PHMG disinfectant aerosol inhalation on
peripheral hematological indicators in mice

Mi&RFIER XTERLA {24 EEA
(Hematological (Control (Low-dose (High-dose
indicator) group) group) group)
B £RABERE (White blood cell o
1.4940.22
count)/(lOg-L'l) 2.69+0.25 1.98+0.71 910
WHELERELE (Lymphocyte "
iy
count)/(10%L7) 2.33+0.28 1.72+0.61 0.96+0.36
WEARRELL 5 -
+
{Lymphocyte proportion}/% 86.23+3.40 86.73£0.64 63.13+14.96
LTRO¥KE (Red blood cell o
+
count)/(10u~L’1) 11.11+0.37 11.24+0.15 12.32+0.46
[M£T & H(Hemoglobin)/(g:L™) 160.67+4.04  162.75¢1.89  175.25+4.65
MR EL S (Hematocrit)/% 45.10+9.75  50.23:0.85  53.55%0.70

[ ] SXERLABELER, *: P<0.05, **: P<0.01o

[Note] Compared with the control group, *: P<0.05, **: P<0.01.
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0] 10* 10° 10° 107 o] 10* 10° 10° 107 0 10* 10° 10° 107
CD4
80 7,45
L7 Ea0
(=4 o
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g 2 25
— 40 S
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g 30 . E 15
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olLmm® . . & ol sl b b, i
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u XFERAA = EFIEH [Sgilli=e| = 3$HRLA LR isili=¢i:l =24

(Control group) (Low-dose group)
L] A: KRR T MBS ERNE, B: MR T MBS EELE); c: MRS THEARSEKE; * SXRALER, P<0.05,
[Note] A: Representative flow cytometry plots of T lymphocytes in thymus; B: Proportion of T lymphocyte types in thymus; C: Quantity of T lymphocyte

(High-dose group)

types in thymus; *: Compared with the control group, P<0.05.
2 R\ PHMG BSH AR/ R BapR i BRI M

Figure 2 Effects of PHMG disinfectant aerosol inhalation on the lymphocytes in thymus of mice

(Control group) (Low-dose group) (High-dose group)
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BX(P>0.05), E9FE(P<0.05),
N
XtHR4A(Control group) {5 Z2H (Low-dose group) =77 &4H (High-dose group)
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S 20 x
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S 106 r33 ° 0.18 106 r34'1 0.57 106 r29,9 0.24 E s m XFB&4H (Control group)
o
105k 10° 10° 2 = {248 (Low-dose group)
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S 3
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10° F -@ : 10 10 T 9
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Ccb4
CE]A: BRREP M E AR RIUE, B: AT R EZRRLLE); C: AT M EAREE; *: SXRALLE, P<0.05,

[Note] A: Representative flow cytometry plots of lymphocytes in spleen; B: Proportion of lymphocytes in spleen; C: Quantity of lymphocytes in spleen; *:

Compared with the control group, P<0.05.

3 IR PHMG ;S SARSS /) BT B AR AR

Figure 3 Effects of PHMG disinfectant aerosol inhalation on the lymphocytes in spleen of mice
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o
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[Note] A: Representative flow cytometry plots of lymphocytes in bone marrow; B: Proportion of lymphocytes in bone marrow; C: Quantity of lymphocytes

AELER, *: P<0.05, **: P<0.010

in bone marrow; Compared with the control group, *: P<0.05, **: P<0.01.
4 IR\ PHMG HEFSARW NESHEHE AR M

Figure 4 Effects of PHMG disinfectant aerosol inhalation on the lymphocytes in bone marrow of mice
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Figure 5 Effects of PHMG disinfectant aerosol inhalation on the
thymus of mice(x5. x20)
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ANFFITFERAN PHMG N R B S, RIBEFTE
£ 5 & B 4A 4 ( Organization For Economic Cooperation
And Development, OECD) &£ 75 fY 28 d L 2 MR N
HIXBIERER, XN FRESBRMES, RRFHFK
ES5BmEASRENRBERNBE 20%, E4RH
R, & KFIE2H PHVMG SIARE S RES BIiR
FERENRE 237 1%H 30%, 5 AELFREAN
PHMG ARREMEINSFHELFT S L RARE
K, BFIEHM PHMG RERE BABII 20%, BXY
FARRAARMES, BN TFERLEXHNESTIEAH, K
FIEHXRRFZRERATLURM PHMG ARTE
REFEKFETREREMIAERE RS,

KR EZIESTEAHNERAN PHMG ARG
KB ERIE, Kim EVARPLATNESERE
1.2 mgkg™ PHMG Ft B IR E R EM KR, Song FH"
ERRFPEZINBRAEREBEERKRAN PHMG £
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INRIREFR. 4B 55 AR /) B8 Bl Al Al 28 3 £X 08 PH-
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INRBIAR AL 5l BRRES, IR ERXT PH-
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MEHAREEREINEIBRERREE
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