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Abstract: Objective To establish an LC-MS/MS method for the determination of bromhexine in rat plasma and lung, and the
distribution in plasma and lung tissue was compared between the test and the reference formulations of bromhexine hydrochloride
inhalation solution in rats. Methods Samples were pretreated by a simple protein precipitation method with diphenhydramine as the
internal standard. Chromatographic separation was performed on a ZORBAX Eclipse XDB-C18 column using a gradient elution
program with solvents consisting of methanol and 0.5% formic acid-5% methanol aqueous solution. The detection was operated in
the positive ion mode using multiple reaction monitoring (MRM) with an electrospray ionization source (ESI). The analytical
methods for plasma and lung tissue were fully and partially validated, respectively. Healthy Sprague-Dawley rats were divided into
two groups randomly and administered by inhalation with test and reference formulations of bromhexine hydrochloride inhalation

solution, respectively. The plasma, lung and tracheobronchus were collected at predetermined time points and the concentration of
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bromhexine was measured.Results Bioanalytical method validation results all met the criteria of the guidelines. The distribution rate

and extent of bromhexine in plasma, lung and tracheobronchus between the two formulations were consistent. The relative

bioavailability in the main target organ tracheobronchus was about 97.4%. Conclusion The LC-MS/MS method established in this

study is rapid, sensitive and simple. The distribution of bromhexine between the two formulations in rat plasma and lung tissue is

consistent, which can provide data support for the localization of the new formulation.
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Fig.1 Representative chromatograms of bromhexine and IS in rat plasma and lung
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F1 ROHAEXRIMEFHREE

Table 1 Stability test of bromhexine in rat plasma

G/ e {E/

et N A B %A W /% R %
(ng-mL ") (ng-mL ")
TR e HEiE3h 0.09 0.0815 90.5 2.21
22.50 19.4 86.4 2.93
—70 °C & = IR R RIG PR 3 K 0.09 0.0783 87.0 0.85
22.50 21.2 94.1 2.77
—70°Ci#%7E42d 0.09 0.0837 93.0 3.17
22.50 19.7 87.4 5.89
1 2R A0 3 5 e Eif4h 0.09 0.0901 100 2.05
22.50 21.8 96.7 4.65
HERESR IR E (6°C)52 h 0.09 0.0982 109 5.00
22.50 24.2 108 2.98

®2 MAHAXRME MESEXSEFRESHRE

Table 2 Brombhexine concentration in plasma, lung and tracheobronchus in two administration groups

. M3/ (ng-mL ") fiti/(ng-g " SEXRE (ngg D
e willbyl Z Ll A 7 Z Ll 7 A Z Ll
20 min 4.790+0.799 6.180+2.170 86.70+17.70 94.8+42.8 168.0+£23.5 221.0+£90.4
l1h 1.970+0.522 3.840+0.794 32.40+8.82 64.9+17.1 105.04£22.2 134.0+48.6
4h 0.728+0.141 0.928+0.210 9.54+2.64 13.1+£3.2 71.9+£20.0 84.5+31.8
9h 0.266+0.076 0.378+0.132 3.89+1.22 4.86+2.6 33.7+12.6 34.8+12.2
*3 MAHEAMRMESHLAPRESH AUC LR (n=6)
Table 3 AUC of bromhexine in plasma and tissues in the two administration groups (n=6)
A Zx L il
FEAR (G$3% 775 0.381 mg-kg ") Gf3% 77 0.448 mg-kg ) F/%
AUC,,, LMK AUC,,, LMK

iRei4 9.6 h'ng-mL " 1.0 14.8 h'ng'mL ™! 1.0 76.0

Jii 151.0 h'ng-g ! 15.7 231.0 h'ng-g ! 15.6 76.9

REXRE 647.0 hngg ' 67.6 781.0 hng-g ' 52.8 97.4

(RSB 23 3N 16.5.19.4 mg-m™, AR 5P
W (18.5.17.5 mg-m™) A0 Lk, ¥ FF & #H X % &
TE £20% LA A TR E , {EL B 1) 770 S0 B8 2 1] 1) 22
FIER T 16.2%. AT HBRIXFZE S, RAH T 520
1838 ) B HEAT AH O AE VDR R RO H B S5 R ORI
HIFIE FEERENEXAE T REEREAMY,
FEXT AR FE R 97.4%
3 iTig

W N 25 2 Ja I 2R 25 BEARAR, 75 B —Fh R
180 v < AT A« BRE (K) LC-MS/MS 43 #r J7 25 %ok 265 )
WEE AT R o AT FAE T 3 g S o R o o 1
F M S AT SR A AT T — RV RAALAL , ot 1
R T e SR I IR B AR, T A

HAELE PR ANIRE T, R R IS AEAE m/z 375 m/z
377-m/z 379 3N BEE F U, FREHLRA 1201, 1k
BT EE RSN me 377 T3 — k.
2830 AN TR R A ) BE A TRDRE A28 1) 6 A
17 0% % , & I ZORBAX Eclipse XDB-C (50 mm X
4.6 mm, 5 pm) AT R SR AT T A g U A L B A A 2
203 1B v %) S, A S I 2 AF R 0 7R (6 28
VAT R o v e A A5 KRS T, 7K A FR R R i B
LR 5 ToML Eh o 0 R 20 W 6 T i T 5 35015 M BL
BEAEG , KR R R ] e 28 B . PRI L e i3 g
B, A AUAR S B LG AT 2 R 3R 45 B8 Gl 1 IR
B I (8], EL R 38 S U A 5 00 TP, O e ) R RE R
JB R 3 R 3R AT B8 4B 114 0 R B v 1A MR L, B



+ 2088 -

F47%5 FEH 2024F91 "éﬁ"*ﬁﬁt % Drug Evaluation Research

Vol. 47 No.9 September 2024

DUUE R B L 2 16 BE 3R A5 B A U Y, Py bR e 4
TARMEAL AR, A AR TR T AR
W TSI o3 AT 7 v B2k T 56E , 1 28 b A 04 1)
&= NIRRT A 2] 30 pg-mL", 1 ML FH = AN 75 50 pL,
it b B 7 4 T AR 1) B 1 DOUE v, BT IS AT I (]
X 5.5 min, 5 A 1 7 VES O B i 2% 5K OR I
DTSSR SRR R m RS, Bon T —E
Lk

TEAE G PRI 75, W N 45 25 4 R & — A A
I AR AIE 9 o, i 2 W] e 3 B R S P48 24, 3 4
Bl K i M LA B, 2 VR R B, H R s
WANGE A EBEASENAA(BFEREWRE AE
PSR 9D R B8 4 S B SN Bl . R
WAL AFIERH . HAREDIR S HAZ
PR TE A 25 R Y, LB T Ek s R
W 5 R AT 25 2 B A, B IE T VP Ak i S 2 AR R
FH R 5 25 i ik B BEU o A5 B S & SEBLW BN
SEAEBN Y IE AR RS T AT 19, B8 BRI PR A
35, Hol sl 2 R 3h i A i) 45 24 HLARIE R — 41
YL AR R — S0, IS T ARG IR 4R I &
GUIERE L, AW FUAE /N B 1 5 5 B R 40 5E Ak
(IR N 25 2l A SR FH X P 7 92

W NS5 25 IR 45 29 770 B 5 — AME AR T IR i )
A, 1 by b3 A B A R : Dose (mg kg ™) =
CUR B MW E mg-L™") XRMV CK B & 2 4 @
S L-min™) X DR AR [A] min) X DF (P R %D/
BW (14 Jfi B kg) , 2o tf RMV (L min™) =0.608 X
BW (kgD 08523140 3 55 45 19 o 3R AE IR N 77 2 18 7
3, — Bl % &, S AN R 2 R U (DF =
D, 55 — PO DR R & 8 A KRR 2038 126 51 &
() 10% 7 30 FR B Jifi 55 (DF=0.1) , {H SZ PR TR & %
W IR A LS B ORL B AR L Bh R R
) 25 40 5 22 ot DR 2R IR RS, 1 R AR B SR A T T 2
A X TFARP RS, S CRE &R ER
AL, FH R DR 57 B R AE AR K A&, A5
H A2 B Aol S50 1] 0 22 S, BRI 0k 3o 38 77 3 326 7 =t
1T RAE

T IXBEIS 2 R G, SRR IR R AR
Sl EREERS, BRI AT E, K
2 VA 5 ) W ) 25 S B L ASTF N 4 24 1) £ S
Vo PR P SR AT T M, E PR ) ) 1R KR G AR P R
T 5 I AR 48 S PR I B 4 SR AT T REE T
/INT TR 45 2 R AN [ 3 R AR 2

TE 5233 1] 751 5 2 Vil 7 16 K R 23 A1 3 Jg 2 T

Berb, NI AE IR il S S I o AT TR
3 AT R AR 0 AR WA TR 3 AN D7 kAT T LR,
SERRW], PRI AT E A B 45 9h 5
25 20 min AL, PSR ISR il LU SV R
R 775 Ik L 481 2R A — B 5 9 o) ) B 0 A R R A —

B o0 AR P HE e 2 9 U8 SCORUE Vi i, LA

il FRUAE U SV R B R AR — B AL 44/ 1M

FL s GG BRI 5, 32 5 A T 2 H i ) AE

AL 5T SR S R R AR S AR ) R R A —

B 53508 76.0%1.76.9%.97.4% , T HAE 3 EEHE 2 B

TESCRE PR AT B Bk MR i

B SCRE B o A — S — oD S 32

1) 77U M1 2 B ) 51) 2 49 2% e A0 0 060 % 55 A0 — Bk

ARG FEIT  ARR R A AN — B g ek,

B AL FR PR T R B AN — B A Rk,

W 9T 45 2R Dy 32 6l 50 3E I R BT T4 Bt 1 78 70 1

B SCHF T HES) 128 70 B A B S [R] I AR

BIF 5t AT g A RN 1 710 ) A i PR 24 3 2 bE LT

TR
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