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The commonec t causes of pulmonary edema in man a re  certain diseases and operative andtraumat ie  
injuries ,of the central nervous sys tem [2, 3, 6, 15]. This type of edema has been produced experimentally 
by injury to the skull by compression,  by blast, by injection of vario.~s i r r i tant  substances into the c is terna 
magna of the brain, and by injury to the brain with a probe I4, 5, 7, 8, 10]. The production of pulmonary 
edema by accurately localized electrolytic injury to the preoptic zone of the hypothalamus in rats  [11, 12] 
and dogs [15], and of pulmonary edema in rats  by injection of a very dilute solution of aconitine [14], is 
part iculariy interesting. The principal and magnocellular nuclei of the preoptic zone in the dog, according 
to Urabe [15], act as the highest sympa.thetic vasomotor  center  for the pulmonary circulation. T~,e regula-  
tion of autonomic functions, including vaso- t issue permeabil i ty [1], is concentrated in the ~-egion ef the 
h:y-pothalamus. To study the pathogenesis of the various types of centrogenic edema and to understand the 
ce~tra! ne~,o,Js mecha.~sm~ of p'Amcnazy edema ~ of ~ e r e ~ t  u~-i~in, it is extremely important to be able 
to reproduce edema in animals of different species, arising as the resul t  of accurately localized act ion on 
the hypotha]amus, and to study the principles governing its development. 

In this paper the authors descr ibe the results  of experiments on rats  and rabbits in order  to produce 
pulmona~:y edema by injecting aconitine into the preoptic region. 

E X P E R I M E N T A L  M E T H O D  

E~periments were car r ied  out on 165 noninbred ra ts  weighing 170-330 g and on 16 rabbits weighing 
1400-2450 g. For  comparison,  the lungs of 57 healthy" rats  and 25 rabbits were used. Acovitine h )d ro -  
chloride,  in a dilution of 1 : 10 $ (for rats) and 1 : 10 a (for rabbits) was injected through a fine injection 
needle of a tuberculin syringe fixed in the electrode ho lderofa  stere~ ~taxic apparatus.  The ra t ' s  head was 
held in a t~pe STM apparatus of the Institute of Higher Nervous ActiviD', Academy of Sciences of the USSP~ 
using the Groot ' s  atlas [9]. Injections were given alternately at 2 or  3 points: 0.5-1.0 r~m on  either side 
of the midline of the brain and in the midiine in the planes A-7.6-8 at a depth of 1.5 rnm from the ba~-e of 
the brain. The experiments on rabbits were car r ied  out by means of the apparatus of the A. A. Bogomolets '  
Institute of Physiology, Kiev, using the coordinates of Sax~Ter's atlas [13]. Aconitine was injected iptothree 
points: along the midline and 1 mm from it on e i d e r  side in the planes A-3.5-4.5, to a depth of 1.5,2 mm 
from the base of the brain. 

The dying rabbits were autopsied, the ratio between the weight of the lungs and the body weight was 
determined in percent  (the pulmonary coeff ic ient-p.c . ) ,  and after drying to constant weight at 80-90 ~, the 
dry residue (d.r.) of the lung t issue was calculated as a percentage of the ~'eigk: of the fresh tissue. In 
many animals the lung t issue was examined his tological ly.  The brain of the d)-ing rats  and rabbits was 
again fixed in the stereotaxic appara 'us  and the brain was marked by electrocoagulation in planes parallel  �9 
to the planes of injection of aconitine. After removal of part  of the skull, the brain was fixed in 10% f o r -  
malin, and then carefully removed, sliced along the planes of the raark, and sections were cut to a thiclmess 
of 90-120/2 on a freezing microtome.  Sections in which injury by the needle could be seen were placed on 
a glass slide, and negative photographs obtained on photographic paper by means of an enlarger.  By c o m -  
paring these wtth the plates of the atlases,  the site of injection of the aconitine could be determined. 

Department of Pathological Physiology, Knraganda Medical Institute (Presented by" Academicim~ 
V. V. Pa:rin). Translated from Byulleten' ~ksPerimental'noi Biologii t Meditsiny, Vol. 63, No. 1, pp. 22-26, 
January, I967.  Original ar t icle  submi~ed April 13, 1965. 

19 



r 
r: 

Fig. 1. Lungs of a rat  after injection of aconitine 
into the h3~pothalamus. Severe edema with m a s -  
sive hemorrhages (p.c. 1.71; d.r.  13-55~). Hema- 
tox3"lin-eosin. Objective 20• ocular i0 • 
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Fig. 2. Section through a r a t ' s  brain in the plane A-7.8 
after  injection of aconitine into the h~2oothalamus, 
Hemorrhages  can be seen along the course of the three 
channels of the injection needle and in the lateral  ven-  

t . . . . . .  t r ic les .  " " ' *  " J ~ t ~ t u ~ l ~ v u  7X o 

E X P E R I M E N T A L  R E S U L T S  

Rats. In most experiments after the f i rs t  injection of aconitine, a convulsive reaction appeared, 
and respirat ion quickened considerably and became paroxysmal.  After the end of the injections the r e s p i r a -  
tion became slower and deeper and the breath was held at the height of inspiration. Cyanosts of the snout, 
ears ,  and paws appeared. After injection of hexobarbital, the body temperature  of all the rats  fell (in some 
experiments to ~-26~).  In three rats,  surviving a few hours after injection of aconiflne, the fall of t em-  
perat'~re was replaced by a r i se  to 0.5-2 ~ above its initial level. In five animals, also surviving for  a 
fairly long time, signs of aggress iveness  developed, which, like hyperthermia,  indicate excitation of the 
anterior  portions of the hypothal~mus [11]. Before death, which took place from respi ra tory  a r r e s ~  clonic 
and tonic con~mlsions frequently developed and a blood-stained froth escaped f rom the n o s e .  

For  the analysis of the experimental results ,  most  of the ra ts  (83) were included in the group with 
pulmonary edema; 74 of these rats  died 5-89 rain af ter  the beginning of the injection, and in most  c a s e s  

(54 rats) death followed after  not more than 15 rain. Two ra ts  were sacr i f iced al ter  4 h and 11 h 15 mira 
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Pulmonary Coefficient and Dry Residue of Lung Tissue 
of t.~ealthy Rats and Rabbits af ter  Injection of Aconitine 
into the Hypothalamus 

I d.r. 
Series of Animals p.e. [ 

M ~ m 

I (healthy) 
II(with pulmonary edema) 

Ill (without pulmonary edema) 

dE 
z~  

Ra~ 

Rabbi~ 

0,58• 
1,60• 
P<0,001 

0,64• 

21,4|~0,17 
]3,53~0,19 
P<0,001 

20,81~0,00 
P<0.01 

0,36• ] 21,30::~0,24 
0.87• | 15.63~0.15 
P<0,00I [ P<0,001 

(0,39 M 0,36)[(19.77 u 20,63) 
! 

I (heathy) 
II (with pulmonary edema) 

HI (without pulmonary edem a) 2 

Note. The values of P are  given when the difference f r o m  
se r i e s  I is significant. 

At autopsy the lungs were  covered  with large,  livid stains and occupied the whole of the thorax. In some 
cases  the lungs were enlarged but pale in color, with petechial hemorrhages .  The t rachea  was filled with 
blood-stained frothy liquid, which also effused from the surface of the incision. In some ra t s  fluid was 
found in the pleural cavity. Under the microscope the alveoli and tn tera lveolar  septa were filled with 
edema fluid and e ry th rocy tes  and the blood vesse ls  were congested (Fig. 1). The gra~-imetric p.c.  in the 
rats  of tt~ts group was a lmost  dou[~led because of the congestion and edema, wtflle the value of d . r .  was 
considerably reduced, confirming the accumulation of the large excess  of fluid in the lungs. Both indiJes 
showed a stat is t ical ly significant difference from the corresponding values in the healthy rats  (see table, 
ser ies  II),, 

Edema did not develop in 22 ra ts  of ser ies  HI. They died as a rule  la ter  thou ~ e  au~.'nals wi thpul-  
monary edema: between 10 rain and 15 h 30 rnin after;  of the 11 rats  which died, only 5 -tied af ter  10-24 rain. 
The other 1I animals were sacr i f iced 4-24 h after  the injection. In many of the mrs of this ser ies  the 
Nembutal or  hexobarbital  anesthesia  was deeper  than the mnesthesia in the 83 animaIs ~qth pulmonary 
edema, most  of which were only superficial ly anesthetized with hexobarbital.  Autopsy of the ra t s  without 
edema showed that their  lungs usually differed only slightly f rom the lungs of healthy animals.  In some 
experiments  they were  slightly congested, with petechial hemorrhages  on the surface.  His tolo~caI  inves-  
tigation somet imes  revea led  congestion and edema in sol i tary  alvecli.  The value of p.c. was h igher  on the 
average t!han for  healthy animals,  but the difference was not significant, (see table, ser ies  HI). The a c -  
cumulation of an excess  of water  in the lungs, despite the absence of frank edema, was proved by the s ig -  
nificant dec rease  in the weight of the dry  residue.  

The study of brain sections of ra ts  ~l th or  without pulmonary edema showed that the localization of  
the aconitine injections was the same  in both. In the g rea t  majori ty  of experiments  the injection needle 
passed tl~rough the planes A-7 .8-8  along the midline and on both sides of it, reaching as far  as the optic 
chiasma.  Deviations in all three planes were observed in a few rats  of both se r i e s .  Nearly always h e m -  
or rhages  were seen in the third and la teral  ventr ic les  (Fig. 2). 

Rabbits. All 16 animals were lightly anesthetized with hexobarbital.  I n  connection with this their  
body tempera tu re  fell only to 34.5-35*. Injection of aconitine was accompanied by a convulsive reaction,  
an increase  followed by a dec rease  in the respira t ion rate,  deepening respirat ion,  and breath-holding in 
inspiration. Thir teen rabbits had convulsions before death and a blood-stained froth escaped f r o m  t h e  
nose; ten animals died 6-22 rain af ter  the injection, 6 survived for  between 41 rain and 1 h 42 rain. Because 
of the ear ly  death of the rabbits,  they did not develop h y p e r t ~ r m i a  o r  aggressivenesBo 

At avtopsy of two rabbits  small ,  pale pink lungs were found with normal  values of poC. and d.ro (see 
table, se r i e s  In) .  In the remaining 14 animals obvious e x t e r r ~  signs of edema were seen, with values of 

21 



p.c. and d.r.  d/ffering from the corresponding values in healthy animals {series II) by a highiy signLfican~ 
an'~mn~. It was noted that in half the rabbits ~it.h pulmonary edema, it developed against the background 
bf severe  congestion ~ith a large increa-se of weight (mean p.c. 1.3) and ~ith a considerable decrease  in 
dD- residue (mean d.r.  !4.t}7~). The remaining 7 animals also showed undoubted signs of edeHm (mean 
d.r. ltL66':~}, floweret,  their lungs were pink with petechial hemorrh ,~es .  The absence of marked conges-  
tion of the lungs was confirmed by the moderate increase in their weight (mean p.c. 0.55). The development 
of edema after injection of aconitine into the h~pothalamus, although taking place (especially in rats) against 
the background of marked congestion of the lungs, may also occur without significant d is turbances  of the 
pulmonary circulation. Examinatio~ of the brain sections showed that 9 of the 14 rabbits v.ith pulmonary 
edema and one rabbit with pulmonary edema and one rabbit without edema received the aconitine tnjection 
in planes A-3.5-4, passing in nearly ,all cases through the midline as far  as the optic chiasma. In 5 rabbits 
~ith edema and 1 ~ithout the needle deviated in an an tero-pos ter ior  direction. In nearly all the rabbits 
hemorrhages  were found in the ~hird and lateral ventricles.  

Hence, after injection of aconitine solution into the hypothalamus of ra ts  and rabbits,  no s t r ic t  r e l a -  
tionship was found between the localization of the point of the injection needle and the presence  or  absence 
of pulmonaD" edema. In ear l ie r  experiments with electrolytic injury of the same parts  of the brain in ra ts  
and rabbits a reg-ular relationship was found between the topography of injury and the development of 
edema, the frequency of which was nmch less than in the ex-periments ~tth aconitine. Introduction of the 
needle into the r a t ' s  brain in the planes A-7.8-8 or in the analogous planes A-3.5-4 of the rabbi t ' s  brain, 
in relation to the coordinates chosen, was always accompanie~f by puncture of the ventr icles  ~ t h  escape 
of blood into them. It may be assumed that, besides blood, part  of the injected aconitine penetrated into 
the cerebrospinal fluid system of the brain along the channel of injection, causing the development of 
puimon~a~" edema, by stimulating certain areas of the brain bounding the ca~2ty of the ventr ic les .  This 
problem, and also the specificity of the edemogenic action of aconitine, will be examined in a continuation 
of this investigation. 
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