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Effects of tetrandrine on functions and ultrastructure 0f 

alveolar macrophages in smoke inhalation—inj ured rabbits 

ZHANG Min，HUANG Yue—Hua，LI Ao ，YANG Zong—Cheng (D印口r m Pharmacology 

Burn Rewareh Institute， ^l何 “l 口q Mudical College，Choa9g 口630038·China) 

ABSTRACT A rabbit m ode1 with severe sm oke in- 

halation injury was used to explore the efeeCtS of te— 

trandrhue (Tet)on the release of inflammatory mudia— 

tots and the level of[Ca” in alveolar macrophages 

(AM )as well as on the ultrastructural changes． It 

wKs fo und that Tet reduced the number of white blood 

cells (W BC)in be onchoalveolar lavage fluid-inhibited 

the release of LTB．and OF om AM —and increased 

the[Ca in AM． The changes in size，pseudopod， 
and lysosome evacuation in AM  trented with Tet were 

smaller than those in the AM  from the untreated． 

These results suggest that Tet may alleviate the pul— 

monary injury through inhibiting the activation of AM · 

KEY W ORDS tetrandrine}smoke inhalation injury 

leukotrienes B I superoxide}calcium }macrophages 

Alveolar macrophages (AM )，the chief 

constituent of pulmonary reticuloendothelial 

system ， play an im portant role in host de— 

fence．they might also mediate the lung injury 

by releasing various biologically active sub- 

stances[”
． Both anima1 experim ents and clini— 

cal research had proved that respiratory failure 

induced by the obstruction of the air passage 

and pulm onary edem a was the m ain cause of 

death frOm the sm oke inhalation c ． 

Tetrandrine (Tet)is an effective compo— 

nent of ∞ bahia tetra r口 ． Tet could in— 

hibit the release of superoxide anion (o，)rand 

lysosom e enzym es from neutrophils( ． In this 

paper， the action of Tet on the release of 

leukotriene B．(LTB．)and O ，the level of cy- 

tosolic free calcium ([ca”]I)，and the ultra— 

structure in AM from smoke inhalation injured 

rabbits were studied． 
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M ATERIALS AND M ETH O璐  

M aterials Tet was  produce d by Jinhmt Pharm a- 

ceuticals，2~ejiang． Leukotriene B4，prostaglandin Bj 

(PGB!)，arachidonic acid (AA)，calcimycIn (A zIl")， 

cytorhrome C (Cyt-C，Type III) were produced by 

sigma Chemicals，USA． Fura一2／AM and fura一2 were 

produce d by Institute of M ateria M edica ， Chinese 

Academ Y of M edical Scieace s． Superoxide dismutase 

(SoD ) was produced by Shanghai lnstitute of Bio— 

chemistry．Chinese Academy of Sciences ． Percoll so- 

lution (Bj0engineering Co)． The intensity of fluores- 

ce nce was measured with an F-30l0 fluorescence spec— 

trophotometer (Hitachi·Japan)． LTB 4 was analyzed 

with RP—HPLC (GiIson，France )． Of was measured 

with ultraviolet spectroph0tometer(Beckmarl，USA)． 

Ultrapure water was made by柚 M illQ System (M illi- 

pore Co． USA )． The ultras trueture of AM  was ex— 

amined with an JEM．-2000 trKrttlmission electron micro．． 

scope (TEM ·Japan)． 

Rabbit model and collectlom of sampleJ Sixty-six 

0 New Zeidand rabbits(2．3士 0．3 kg)were divided 

into 3 groupst normal co ntrol(NC，t一 6)，injured 

control(IC，≈一 30)，and Tet treated (Tel，4— 30)． 

The smoke inhalation injury was produced according to 

the method previously des cribed‘”． Rabbits were put 

into a cabinet fIl11 of sawdust smoke with ^ tem pera— 

ture of 3B士 2℃ for 4min，fo|lowed by 3moretimes of 

exposure to the smoke with 3一m intervals． The 

smoke was produced by a mixture of 150 g dry pine 

sawdust and 30 mi kerosene． The rabbits were kIlied 

before injuryand 6，24，48，72h·and 7 d after 扯ry． 

The]uag waslavaged 4tim es with 80ml normal saline 

(2O ml each time)． The ’帅 C in be onch oalveolar 

iavage fluid (BALF)were counted and assorted． AM 

were separated with Percoll solution (AM > 90 ．ac- 

tivity> 95 )and resuspended Han k’s balance sola— 

tion． 

For the Tet group·Tet (7．5 mg·2 mi ·kg-i) 

was slowly injected through the marginal vein of the 

ear 10 mhu after mry． 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，2 mI．kBI1) 

M ethods lo determine the param elef$ 

l BC |n BALF A routine hospital method was 

used． 

2 LT日·f roi~l AM The AM numbe r jn the solu— 

tion was adjusted to 2．5x 10 cells-m1～． Calcimycin 

(1 umel·L_。)was us ed as a stimulant． The amount 

Of LTB·released by AM w酗 measured with reverse— 

phase HPLC ． 

I Supe roxide _nlanio f roln AI The cOncentrBtjOn 

of AM WaS adjusted to 5× 10 cells·ml一 ． Cell$us— 

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

mixed with cytoch rome C 1 m g， calcimycin 1 mol 

·L～ ，and CaCI MgC120．5 mmol·L～． The mixture 

was further incubated at 37℃ for 15 min． The fe且c— 

tion wog term inKted by an ice—cold water bath． The 

call suspension was centrifuged at 4℃ at 1590X9 for 5 

min． The am ount of in the suspension was Pea— 

sured with an uv spectrophotometer at 550 nmm． 

4 lea ]-in AM A modified Fura一2 method 
was used． The AM $uspension was washed twice 

with calclam—free Tyrode solution and the concentra— 

tion was adjusted to 5×10‘cell·ml一‘． Cell suspension 

(2 m1)WaS mixed with Fura一2／AM and bovine serum 

albumin to a final concentration of 2．5 um ol·L一 and 

0．】 (wt／vo1)，respectively． It was incubated at 

37℃ for 30 min，and ce ntrLfoged at 170× F for 10 

m in． The peHet was w ashed once with calcium—free 

solution and resuspended in 2 ml of this solution． The 

suspension was incubated for 10 min at 37℃ and the 

intensity of fiuoresce nce was measured． Triton X一1O0 ● 

(0．1％ ，2O 1)was added to destroy the cell mem— 

br~Jle and then the maximal nuorescence strength 

( m )was determined ． EDTA—Na2(9 mmol·L一 ) 1 

was added (pH w∞ adjusted to 8．7 with T ris) to 

chelate all the calcium ions in order to meas ure the 

minimal intensity of fluorescence Ⅱ) [ca“]I val一 - 

ues were calculated with the formula：[Ca“]I一 d(F 
— F m)／(F 一F)，where Kd一224 nmol·L～． 

AM ulttastructure The rabbits from NC group ● 

(目一 4)，IC group (≈一6)，and Tet group (茸一6)were 

kfiled at 24 h after injury． The lung lavaged with nor— 

mal saline． The BALF was fittered with a nylon net， ● 

then centrifuged at 11OO× g for 10 min． The pellet 

was fixed with 3 glutaraldehyde and processed ac— 

cording to the routine method for TEM ． ’ 

StarIstIcal m ethods The results were expressed 

as 士 AN0VA was employed to determine the 

variance in different groups． ● 

REsUL S 

W BC in BALF The W BC ． AM ． and 

neutrophfl (Neu)numbers in BALF in the IC 

group were increased (P< 0．05，P < 0．O1) 

within 24 h after injury．The proportion of 

N eu was inereased even m ere sisnificantly 

than that of AM ． The nutu ber of AM  appro— 

ached norm a1 love1 by 48 h and another peak 

appeared around d 7 post injury．The number 

of Neu remained at a high 1evel (Tab 1)． 

Tab 1· The numbers of white blood ceils (W BC)+alveolar macrophagea(AM )一and neutrophils(Neu)in bron— 

choalveohtr]avage fluid (BALF)afar smoke inhalation injury and ireated with tetrandrlne (Tet)． Cells·ml 

BALF，n= 8， 土& ‘P> 0．05， P< O．05， P< O．O1鸺 normal control， > 0．05，‘P< 0．05- P< 0．0l鸺 the 

in|ured control 
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LTB‘re[ease by AM  In the IC group， 

the amount of LTB d released by A M  increased 

markedly at 6 h post injury (P< 0．05)． It 

reached a peak at 24 h and returned to norm al 

by 48 h． The amount of LTB in the Tet 

group also jncreased．but to a less extent than 

that in the IC group，particularly at 24 h(P< 

0．05，F 1)． 

Time tft~r in|ary 

Fl窖 1． LTB4(̂ 一 6)and o (̂ 一 5)released by atveo- 

tar macrophaaes，and ECa”]I(̂ 一 5)in alveolar 
maerophaae$ from smoke Inhalation injured  rabbits 

1teated with te~'aadrine (Tet)． P> 0．05， 一 P< 

0．05， ⋯  < O．01僻 norm-I control ，0 hf P> 

0．05， 什 P< 0．O5， 一 P< 0．口l僻 jnlured control 

(IC)． 

Generation of superoxide anion by AM  

In both IC and Tet groups，the amount of 07 

generated by AM increased within 48 h after 

injury． At 72 h the 07 generation in IC 

group was lower than the normal leve[and re— 

turned to normal level by d 7． The Of gener— 

ation in Tet group approached norm al level by 

72 h (Fig 1)． 

[ca’ ]l concentration in AM In the IC 

group，the[Ca ]I level in AM increased post 

injury (at 6，48，and 72 h，P< 0．05，P< 

0．01)． It reached a peak at 72 h and returned 

to normal by d 7(Fig 1)． Compared with the 

IC group，the increase of Eca“]I in the T et 

group was inhibited especially at 48 h (P <  

0．05，Fig 1)． 

U Itra$tructure 0t AM  In the IC group at 

24 h after injury，the pseudopods of AM in- 

creesed in size and uum ber． There was also 

an increase in endoplasm a reticule， lyso- 

som es，phegolysosom es ，and endocytoplasm ic 

vesicles． In som e of the AM ， vacuolar de— 

generation and necros~ of endoplasm ic reticu— 

la and mitochondria were seed (Fig 2A and B， 

Plate 3)． In the Tet group，the AM sfiowed 

som e pathological changes，but the degrees of 

activation and vacuolar degeneratiOn w ere 

much less than those in the IC group (Fig 2C 

and D，Plate 3)． 

DISCUSsIoN 

In this study．we found there was en in- 

creese in AM and neutrophil(Neu)uumbers 

in the alveoli after sm oke inhalation． T he 

synthesis and release of Of and LTBt by these 

A M w ere also increased withiIl 24 h post in． 

jury． There was e significant positive corre— 

lation between the num ber of A M in BALF 

and the amount of LTB·released by AM (r 

0．86，P< 0．05)，which indicates that AM did 

take part in the development of lung injury- 

Recent research had proven that calcium 

ions were the key factor in the activstion of in- 

flam m atory cells． W BC have m any functions． 

including chem otaxis· migration， phagocyto- 

sis· release of lysosom e enzymes and jnflem - 

m atory m ediators，etc．．which are considered 

to be controlled by ca lcium ions in cyto- 

亘_， _奎●1 = 叮●言_●l 善__-考『__ 

墨8 _xn、旨 ．．目 _ 目 j 、- 二j
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plasm ( ． In this study．the increase of free 

calcium in the cytoplasm of AM  w as observed 

during the first 72 h after sm oke inhalation． 

T EM exam ination showed that．the size of the 

ceil becam e expanded， the pseudopods in- 

creased， and the endoplasm ic reticulum en— 

riched．all these im plied the activation of AM ． 

T et· as an anti—inflam matory agent and 

antiallergic agent， could inhibit the elevation 

of free calcium level in the cytoplas m of neu— 

trophils induced by LTBJ，platelet activating 

factors， and A 2am ㈤
． In this study， we 

found that Tet could reduce the num bers of 

both A M and N eu in BALF． inhibit the re一 

1ease of o and LTB{，as wel1 as the elevation 

Of free ca lcium level in the cytoplas m~of AM  

w hich is in good agreem ent with above re- 

suits· These results suggests that Tet could 

conl：rol the activity of AM and alleviate the in- 

flare m atory changes in trachea and lungs． 

These actions m ight be attributed to its effect 

of inhibiting the increase of ECa ]l in AM by 

prohibitin g the in ward flow of exttacellular 

calcium ions and／or the release of calcium ions 

from intracel1u1ar stores． The m echanism for 

actions of Tet on the calcium channels of AM  ，． 

needs to be further exD1ored． 5 

It should be mentioned that at 7 d， al— 

though Tet siSnificantly inhibited the in crease 

Of W BC ， AM ，and Neu num bers，the values 

in both the injured control and the Tet—tteated 

groups were m uch higher than those of norm al 

contro1．The reason is not clear at present．̂  
It m ht be due to the secondary infection of 

the lungs． Further invest ation wU1 be car— 

ried out． 
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粉防己碱对烟雾吸人伤兔肺泡巨噬细胞功麓及 

超微结构的影响 层罗 ．2 
雀— ，羞垡垒 黎 鳖 ，杨宗诚 (第三军医 
大学药理教研室，‘烧伤研究所，重庆630038．中国) 

摘要 采用兔重度烟雾吸入伤模型．观察榆静己碱 

(Tet)对肺泡巨噬细胞(AM)释放炎症介质、内钙水平 

及超微结构的影响． 结果发现．Tet可减少BALF中 

WBC数目，抑制 AM 释放 LTB{和 O ，降低内钙水 

平}同时使AM体积增大．曲足增多和溶酶体排空等 ‘ 

改变减轻． 提示：Tet通过抑制 AM 的活化可能减轻 

肺损伤． ’ 
， 

关键调 豺静垦碱}烟雾嗳入堕I白三烯BI超氧阴离 
子自由基-钙 I巨瑾细胞 
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