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Effects of tetrandrine on functions and ultrastructure of
alveolar macrophages in smoke inhalation-injured rabbits

ZHANG Min, HUANG Yue-Hua, LI Ac’, YANG Zong-Cheng' (Department of Pharmacology
'Burn Research Institute, Third Mililary Medical Collegye, Chongging 630038, Ching)

ABSTRACT A rabbit model with severe smoke In-
halation injury was used to explore the effecis of te-
trandrine {Tet) an the release of inflammatory media-
tors &nd the level of [Ca®t ] in alveclar mecrophsages
(AM?) as well as on the ultrastructural changes. It
was found that Tet reduced the number of white blood
cells (WBC) in branchosalvealar lavage fluid, inhibited
the release of LTB, and O; from AM . &nd increased
the [Ca**Jiin AM. The changes in size. pseudopad.
end lvsaosome evacuation in AM treated with Tet were
smaller than those in the AM from the untreated.
These results suggest that Tet may alleviate the pul-
monaty injury through inhibiting rhe activation of AM.
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Alveclar macrephages (AM ), the chief
constituent of pulmonary reticuloendothelial
system . play an important rcle in host de-
fence, they might also mediate the lung injury
by releasing various biclogically active sub-

stances ™.

Both animal experiments and elini-
cal research had proved that respiratory failure
induced by the obstruction of the air passage
and pulmonary edema was the main cause of
death from the smoke inhalation™.
Tetrandrine (Tet) is an effective compo-

nent of Stephania teirand ra™.

Tet could in-
hibit the release of supercxide anion (O3 ) and
lysosome enzymes from neutrophils W 1In this
papet, the action of Tet on the release cf
leukotriene B,{LTB,) and Oz , the level of cy-
tosalic free calcium ([Ca** 1), and the ultra-
structure in AM from smcke inhalation injured

rabbits were studied.
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MATERIALS AND METHODS

Materials Tet was praduced by Jinhua Pharma-
ceuticals « Zhejiang. Leukatriene B,, prostaglandin B,
(PGB.), arachidonic acid {AA), calcimycin (Azum ),
cytachrome C {(Cyt-C, Type III} were praduced by
Sigma Chemicals, USA. Fura-2/AM and fure-2 were
produced by lnstitute of Materiz Medica,
Academy of Medical Sciences. Superoxide dismutase
(SOD) was produced by Shenghai Institute of Bio-
chemistry, Chinese Academy of Sciences. FPercall so-

Chinese

Iution (Bicengineetring Ca?- The intensity of fluores-
cence was measured with an F-3010 fluarescence spec-
trophotometer {Hitachi. Japan). LTB, was analyzed
with RP-HPLC (Gilson, France). Oz was measured
with ultraviolet spectrophotometer {Beckman, USA).
Ultrapure water was made by an MillQ System (Milli-
pore Ca, USA).

amined with an JEM-2000 trensmission electron micro-

The ultrastructure of AM was ex-

scape (TEM , Japan).

Rabbit model and collectlon of samples Sixty-six
£ New Zealand rabbits (2. 31-# 0. 3 kg ) were divided
inte 3 groups: nermal conttol (NC, »n =6), injured
control {IC. a=130), and Tet treated {Tet, a=30).
The smoke inhalation Injury was produced according to
Rabbits were put
into & cabinet full of sawdust smoke with a tempera-
ture of 38+ 2C for 4 min, followed by 3 mare times of
exposure to the smoke with 3-min intervals. The

the methad previously described™.

smoke was produced by a mixture of 150 g dry pine
sawdust and 30 ml kerosene. The rebbits were killed
before injury and 6. 24, 48, 72 h, and 7 d after injury.
The lung was Iaveged 4 times with 80 ml normal saline
{20 ml each time). The WBC in bronchoslveclar
lzvage fluid (BALF) were counted and assorted. AM
were separeted with Percoll sofution (AM>90%, ac-
tiviey>>95%7 ) and resuspended in Hank’s balance solu-
tion.

For the Tet groups Tet (7.5 mg+2 mi™" +kg™")
was slowly injected through the marginal vein of the
ear 10 min after injury. The iv was repeated twice at
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intervals of 12 h. Rabbits in the injured control group
were injected iv with 5%% glucose in normal saline {wt/
vol, 2ml-kg™').

Methods 10 determine the parameters

1 WBC in BALF A routine hospital method was
used.

2 LTB,;from AM The AM number in the solu-
tion was adjusted to 2.5x 10% cells'm1™'. Calcimycin
(1 pmal+L ™'} was used as a stimulant.
of LTB, released by AM was measured with teverse-
phase HPLC™.

3 Superoxide snion from AM The concentration
of AM was adjusted to 53X 10° cells *m1™'. Cell sus-

pension (2 m1) was incubated at 37°C for 15 min. then

The amount

mixed with eytochrome C 1 mg. caleimycin 1 pmal
«L 77, and CaCl,-MgCl;0.5 mmol+L~". The mixtute
was further incubated at 37°C for 15 min. The reac-
tion was terminated by an ice-cold water bath. The
cell suspension was centrifuged at 4'C at 1580y for 5
min. The amgunt of O in the suspension was mea-
sured with &n uv spectrophotometer at 550 nm™.

4 [ca®* ] in AM A modified Fura-2 method™
was used. The AM suspension was washed twice
with calcium-free Tyrode sglution and the concentra-
tion was adjusted to 5X10% cellem1™". Cell suspension
{2 ml} was mixed with Fura-2/AM and bovine serum
albumin to a final concentration of 2. 5 pmol+L ™" and
0. 1% (wt/vol), respectively. It was incubated at
37°C for 30 min, and centrifuged at 170X g for 10
min. The pellet was washed once with calcium-free
solution and resuspended in 2 ml of this solution. The
suspension was incubated for 10 min at 37C and the

Tab 1.

choalveolar lavage fluid (BALF) after smoke inhalatlon injury and irested with tetcandrine (Tet).

intensity of flucrescence was measured- Triton X-100
{0.1% ., 20 pl) was added to destroy the cell mem-
brane and then the maximal fluorescence srrength
EDTA-Na; (9 mmol - L")
was added {pH was adjusted to B.7 with Tris? to

{(Fmae ? was determined,

chelate all the calcium ions in order to measure the
minimal intensity of flucrescence (Fen). [Ca’t] val-
ues were calculated with the formula: [Ca®t ] =K. (F
—F o)/ (Fpu—F), where K,=224 nmal<L™".

AM ultrastructure The rabbits from NC group
{a=4), IC gtoup (a=6), and Tet group {1 ==56) were
killed at 24 h after injury. The lung lavaged with nar-
mal saline. The BALF was flltered with & nylan net,
then centrifuged at 1100X g for 10 min. The pellet
was fixed with 32 glutaraldehyde &nd ptocessed ac-
cording to the routine method for TEM.

Statistlcal methods
ANQVY A was employed to determine the
variance in different groups.

The results were expressed
as ¥ t s

RESULTS

WBC In BALF The WBC., AM., and
neutrophil (Neu) numbers in BALF in the IC
group were increased (P << 0.05, P <C0.01)
within 24 h after injury. The proporticn of
Neu was increased even mote significantly
than that of AM. The number of AM appro-
ached normal level by 48 b and another peak
appeared around d 7 post injury. The number
of Neu remained at a high level (Tab 1).

The numbers of white blood celils (WBC), alveolar maccophages (AM?, and neutrophils {Neu? in bron-

Cells -ml™*

BALF, n=8; 13 *P>0. 05, *P<0.05, ‘P<0. 01 vs normal controls "P>>0. D05, *P<<0,. 05, 'P<0. 01 wus the

Injured control.

Narmal control 6h 24 h 48 h 72h 7d

Injured control )

WBC 2.074+0.35 5.06+ 1. 54° 4,034 1. 40¢ 2414071 2.5040. 75" 6.10141. 85
AM 1. 76 +0. 30 2.934+0.81° 2. 874 0.92% 1. 7564 0.52* 1. 86+ 0. 43" 4. 2541.13°
Ney 0.084+0.03 1.824 1. 01 0.9040. 34 0. 37 4L 0. 1F 0454027 0. 661 0.23°
Tetrandrine-treated

WBC 2.0740. 35 2. 8440, 58" 2. 8610. 85~ 1.97+ 0. 42 1.8140. 354 3.664+0.87
AM 1. 76+ 0. 30 1. 8240, 47> 2. 0540. 55% l.46+0. 37 1.3440.2]* 2. 77+ 0. 69~
Neu 0 0840.03 0. 47 0. 22~ 0. 4440. 23¢ 0. 2240. 09 0. 2740, 18 0. 28+ 0. 067

P—
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LTB, release by AM In the IC group.
the amount of LTB, released by AM increased
markedly at 6 h post injury (P <T0.058). It
reached a peak at 24 h and returned to normal
by 48 h. The amount of LTB, in the Tet
group also increased, but to a less extent than
that in the IC group. particularly at 24 h (P<C
0. 05, Fig 1)}.

{05}, nmol - L™ / 10" cells - min™ LTB*,ng/ 5% 10° caile

[Ca%) , omel - L™

Time sfter injury

Flg 1. LTBs(n=8) and O, {n==5) released by alveo-
lar macrophages, and [Ca** ] {n= §) in alveolar
macrophages from smoke Inhalation Injured rabbits
treated with tetrandrine {Tet). " P>0.05, *" P<{
0.05, """ P<{0.01l vs pormal control, 0 h; * P>
0.05, " pP<70.05, T P<]0.01 vs Injured control
(IC).

Generation of superoxide anion by AM
In both IC and Tet groups . the amount of Q7
generated by AM increased within 48 h after
At 72 h the O7 generation in IC
group was lower than the normal level and re-

injury.

turned to normal level byd 7. The O, gener-

ation in Tet group approached normal level by
72 h (Fig 1).

[Ca'" ] concentration in AM  In the IC
group. the [Ca®* ] level in AM increased post
injury (at 6, 48, and 72 h, P <{0.05, P <
0. 01).
to normal by d 7 (Fig 1). Compared with the
IC group. the increase of [Ca® 7, in the Tet
group was inhjbited especially at 48 h (P <C
0. 05, Fig 1).

Ultrastructure of AM In the IC group at
24 h after injury, the pseudopods of AM in-
creased in size and number.

It reached a peak at 72 h and returned

There was also
an increase in endoplasma reticula, Llyso-
somes . phagolysosomes . and endocytoplasmic
vesicles. 1n some of the AM, vacuolar de-
generation and necrosis of endoplasmic reticu-
la and mitochondria were seen (Fig 2A and B,
Plate 3). In the Tet group, the AM slowed
some pathological changes, but the degrees of
activation and vacucolar degeneration were
much less than those in the IC group (Fig 2C
and D, Plate 3).

DISCUSSION

In this study. we found there was an in-
crease in AM and neutrophil (Neu) numbers
in the alveoli after smoke inhalation.. The
synthesis and release of O;" and LTB, by these
AM were also increased within 24 h post in-
jury. There was a significant positive corre-

. lation between the number of AM in BALF

and the amount of LTB, released by AM (r=
0.86. P<C0. 05), which indicates that AM did
take part in the development of lung injury.
Recent research had proven that calclum
ions were the key factor in the activation of in-
flammatory cells. WBC have many functions,
including chemotaxis.+ migration, phagocyto-
8is . release of lysosome enzymes and inflam-
matory mediators, etc. «+ which are consideted
to be controlled by calcium ions in eyto-
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plasm .

In this study, the increase of free
calcium in the cytoplasm of AM was abserved
during the first 72 h after smoke inhalation.
TEM examination showed that, the size of the
cell became expanded. the pseudopods in-
creased, and the endoplasmic reticulum en-
riched, all these implied the activation of AM.

Tet, as an anti-inflammatory agent and
antiallergic agent, could inhibit the elevation
of free calecium level in the cytoplasm of neu-
trophils induced by LTB,, platelet activating

lDJ. In

factors, and A st this study, we
found that Tet could reduce the numbers of
both AM and Neu in BALF. inhibit the re-
lease of O; and LTB,, as well as the elevation
of free calcium level in the cytoplasm of AM
which is in good agreement with above re-
sults. These results suggests that Tet could
control the activity of AM and alleviate the in-
flammatory changes in trachea and lungs.
These actions might be attributed to its effect
of inhibiting the increase of [Ca®"] in AM by
prohibiting the inward flow of extraceilular
calcium ions and/or the release of calcium ions
from intracellular stores. The mechanism for
actions of Tet on the calcium channels of AM
needs to be further explored.

It should be mentioned that at 7 d, al-
though Tet significantly inhibited the increase
of WBC, AM, and MNeu numbers, the values
in both the injured control and the Tet-treated
groups were much higher than those of normal
contraol. The reason is not clear at present.

It might be due to the secondary infection of

the lungs. Further investigation will be car-
ried out.
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