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In  Alger ia ,  h u n d r e d s  o f  d e a t h s  p e r  year  a re  c a u s e d  by 
s co r p ion  st ings ( B e n g u e d d a ,  oral  c o m m u n i c a t i o n ,  1995), 
ma in ly  b e c a u s e  o f  t h e  p r e s e n c e  in t he  v e n o m  o f  a var ie ty  
o f  toxic  p ro te ins ,  1;2 w h i c h  a re  i m m u n o g e n i c  in an ima l  
mode l s .  3 A c u t e  al lergic r eac t ions  c a u s e d  by s co rp i on  
v e n o m  have  b e e n  r e P o r t e d  recen t ly  in Texas  4 b u t  have  
neve r  b e e n  d o c u m e n t e d  for  t h e  N o r t h  Af r i c an  Androc- 
tonus australis Hector ( A a H )  ( B u t h i d a e  family)  s co rp i on  
v e n o m .  T h e  aim o f  this  s tudy was  to d e t e r m i n e  w h e t h e r  

an  I g E - m e d i a t e d  m e c h a n i s m  cou ld  b e  r e s p o n s i b l e  f o r  
the  clinical s y m p t o m s  in subjec ts  Stung by A a H :  
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Abbreviations used 
AaH: Androctonus australis Hector 

RU: RAST units 
SPT: skin prick test 

METHODS 

Thirty-nine Algerians (37 male and 2 female subjects aged 5 
to 63 years), living in the Sahara area of E1 Oued, were studied 
3 to 24 months after the last sting: 16 had been stung only once, 
14 had been stung between two and five times, and nine had 
been stung more than eight times. During the last sting, 32 
patients had only a local reaction, and seven had a local 
reaction plus mild or severe systemic symptoms. According to 
the classification of  Goyffon et al., 1 the clinical effects of 
scorpion stings are classified in four stages of increasing sever- 
ity: stage I, local burning pain with or without edema; stage II, 
stage I plus general symptoms (sweating, shivering, nausea, 
tachycardia); stage III, stage II plus hyperthermia, cardiovascu- 
lar disturbances, and disturbances of  consciousness; stage IV, 
neurotoxic stage leading t o  cardiovascular collapse. The local 
reactions observed were of the immediate type, and no delayed 
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TABLE !. Clinical data, SPT responses, and RAST results in 10 subjects allergic to scorpion venom 

Wheal diameter (mm) 
Age 

Subject (yrl Sex Months since last sting Clinical stage* 0.01 0.1 1 mg/mlt RAST (class):[: 

TS 10 M 24 I 0 0 4 
MS 21 M 12 I 0 0 5 
AN 7 M 13 I 0 4 7 
BA 14 M 11 I 0 0 5 
BB 35 M 24 II 0 0 4 
NM 61 M 3 I 0 0 5 
DS 15 M 4 I 0 5 8 
CA 24 M 5 I 0 4 7 
TS 63 M 3 I 0 0 5 
RM 43 F 2 I 0 5 7 

*Level of clinical reactions after the last scorpion sting: stage I = local burning pain with or without edema; stage It = local 
(sweating, shivering, nausea, tachycardia ). 

~-Scorpion venom extract concentrations (mg/ml protein). 
SRAST values. A class ->2 was considered positive. 

+ mild systemic reaction 

local reactions were reported. Twenty healthy adults, who had 
never been stung by a scorpion, were included as negative control 
subjects. All subjects gave their consent to participate in this study. 
Skin prick tests (SPTs) were performed in duplicate by using 
Stallerpoint needles (Stallergenes. Fresnes. France) with AaH 
scorpion venom extract at three concentrations (0.01.0.1. and 1 
mg protein/ml) Histamine (1 mg/ml) and glycerosaline solution 
were used as positive and negative controls, respectively. The size 
of the wheal-and-flare reactions was measured after 15 minutes. A 
skin test response was considered positive when the mean diam- 
eter of the wheal (largest diameter - orthogonal diameter + 2) 
was 4 nun greater than that of the negative control. 

Venom of AaH scorpions was collected by electric stimula- 
tion and freeze-dried (Institut Pasteur d'Algerie). A venom 
protein extract (12.6 mg/ml) in Coca's solution was prepared 
and sterilized by filtration through a 0.22 txm Millipore filter. 
For SPTs. the extract was concentrated to half volume and 
mixed with phenolated glycerine. 

Patients' sera were tested for specific IgE antibodies by 
RAST as previously reported. 5 RAST disks were prepared by 
coupling CNBr-activated cellulose disks with 10 Ixg of the 
venom protein extract per disk. 

R E S U L T S  A N D  D I S C U S S I O N  

All assays for IgE ant ibodies  were quan t i t a t ed  on  the  
basis of  a cal ibrat ion curve with five di lut ions ( f rom 0.35 
to 52.5 R A S T  units  [RU])  of serum IgE s t anda rd r  
Resul ts  were expressed as P A S T  class: class 0. less than  
0.35 RU:  class 1.0.35 to 0.7 RU:  class 2. 0.7 to 3.5 RU;  
class 3.3.5 to 17.5 RU :  and  class 4, g rea te r  than  17.5 RU.  
Only 10 of  39 pa t ien ts  who were skin tes ted had  a 
positive wheal-and-f lare  response  (Table  I). A m o n g  
these pat ients ,  four had  a significant response  to the  0.1 
mg/ml concen t ra t ion  and  a larger  react ion to 1 mg/ml. 
Th ree  of t h e m  (DS, CA, and  R M )  had been  s tung 
be tween  2 and  5 mon ths  before  the  SPT. and  one  (AN)  
had  been  s tung 1 ?ear  before.  No late cu taneous  reac- 
t ions were observed in pa t ien ts  with a positive SPT 
response.  All of the pa t ien ts  had  had a local reac t ion  
(stage I) after  the  last sting, and  only one  (BB) had  
exper ienced systemic symptoms (stage II). Only slight 

e ry thema was observed in two contro l  subjects, one  of 
whom was atopic. T h e r e  were  no local or systemic 
symptoms of envenoma t ion  as a result  of the ST. The  
presence  of IgE at significant levels (RAST classes 2 and  
3) against  A a H  v e n o m  was found  in five of 10 pa t ien ts  
with posit ive SPT responses  (Table  I). A good concor-  
dance  be tween  SPT and  R A S T  results was observed in 
the  five pa t ien ts  with positive R A S T  results, except for  
pa t ient  C A  who had  significantly positive SPT results 
and R A S T  class 1. Among  the  29 pat ients  with negat ive  
SPT responses,  15 had R A S T  class 1. which was not  
cons idered  to be  significant. However ,  we did not  ob- 
serve a good corre la t ion  between SPT results and  spe- 
cific IgE or  be tween  the severity of clinical symptoms 
and  the specific IgE levels. Al though  the  same extract  
was used. differences in po tency  be tween  the  extract  
used for SPTs and  those  used for in vitro tests may 
account  for these discrepancies.  

The  resul ts  of  this  s tudy d e m o n s t r a t e  t ha t  IgE-  
m e d i a t e d  hypersens i t iv i ty  to  A a H  scorp ion  v e n o m  can  
occur  in some pa t ien ts .  This  was conf i rmed  by posi t ive  
specific IgE  and  pos i t ive  SPT r e s p o n s e s  to s co rp ion  
v e n o m  extract ,  p r o d u c i n g  i m m e d i a t e  whea l - and - f l a r e  
r eac t ions  in some v e n o m - e x p o s e d  pa t i en t s  bu t  no t  in 
con t ro l  subjects .  D e m a i n  et  al. 4 r e p o r t e d  posi t ive  
v e n o m  SPT  r e sponses  in pa t i en t s  s tung  by Centru- 
roides vittatus scorp ion  wi thou t  p e r f o r m i n g  the  sero-  
logic d e t e r m i n a t i o n  of  specific !gE. D e m a i n  et  al. 4 
obse rved  de layed  r eac t ions  a f te r  i n t r a d e r m a l  tests.  
which  were  no t  obse rved  in our  study. The  IgE- 
m e d i a t e d  r e s p o n s e  to sco rp ion  v e n o m  migh t  be  m o r e  
f r e q u e n t  than  suspec ted ,  because  in many  cases the  
cl inical  p i c t u r e - - w i t h  e d e m a ,  nausea ,  ca rd iovascu la r  
r eac t ion  wi th  h y p o t e n s i o n  and  s h o c k - - c o u l d  be  due  to 
e i t h e r  a toxic or  an  i m m u n o l o g i c  m e c h a n i s m .  Some  
cases of  fatal  s co rp ton  e n v e n o m a t i o n  may  be  due  to 
anaphylaxis .  The  c h a r a c t e r i z a t i o n  of the a l l e rgen ic  
v e n o m  p ro t e in s  involved  in these  al lergic r eac t i ons  is 
u n d e r  inves t iga t ion .  
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A comparison of drug delivery from a metered- 
dose inhaler plus an inspiratory flow control 
device with a metered-dose inhaler plus a 
spacer device 

Richard E. Kanner, MD," Lewis J. Kanter, MD, b and Paul Dwork, PharmD, c 

Salt Lake City, Utah, and Camarillo, Calif. 

M e t e r e d - d o s e  inha le r s  ( M D I s )  de l iver  m e d i c a t i o n  di- 
rect ly to  t h e  airways and  thus  r e d u c e  sys temic  effects  
wi thou t  c o m p r o m i s i n g  the  de s i r ed  response .  P r o b l e m s  
wi th  p a t i e n t  c o m p l i a n c e  exist, and  t h e r e  is c o n c e r n  about  
w h e t h e r  a t h e r a p e u t i c  dose  r eaches  t h e  a i rways?  S lower  
insp i ra to ry  flow ra tes  (400 to  500 ml /sec)  fo r  de l iver ing  
ae roso l  m e d i c a t i o n  m a y  b e  b e t t e r  t h a n  r ap id  (1300 
ml/sec)  f low r a t e s 5  A device  that  con t ro l s  insp i ra to ry  
flow ra te  at 500 or  700 ml /min  has  b e e n  i n t roduced .  Th is  
s tudy eva lua tes  p u l m o n a r y  a lbu te ro l  del ivery by this 
device  and  c o m p a r e s  it wi th  a s t a n d a r d  space r  device  
tha t  is k n o w n  to e n h a n c e  M D I  efficacy. 3 

METHODS 

Five volunteers without lung disease used both devices. They 
were trained to use an MDI with an inspiratory flow control 
device (IFCD), which can be set to maintain inspiratory flow at 
about 500 or 700 ml/min IMistAssist: Ballard Medical Products. 
Draper, Utah) and with a commonly used spacer device (Aero- 
chamber: Monaghan Medical Corp., Plattsburgh, N.Y.). On dif- 
ferent days, 30 minutes after drinking 500 ml of water, subjects 
used either the IFCD or the spacer device with an albuterol MD] 
and inspired four inhalations of 100 Ixg of albuterol. After a 
normal expiratory maneuver to approximately the functional re- 
sidual capacity level, the mouthpiece of the IFCD or the spacer 
device was placed between the lips. With the spacer device the 
MDI was actuated, and the subject inspired the mist in the 
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Abbreviations used 
IFCD: Inspiratory flow control device 
MDI: Metered-dose inhaler 

chamber until total lung capacity was reached. With the IFCD 
the subject set inspiratory flow at 700 ml'min and inhaled. When 
the indicator ball reached the top of the device, the MDI was 
actuated while the subject continued to inspire until total lung 
capacity was reached. The end of the mouthpiece of the IFCD is 
9 cm from the point of delivery of the MDI. Subjects held their 
breath at total lung capacity for 10 seconds with both devices and 
then exhaled slowly. This was repeated for all inhalations with each 
device. Inhalations were performed at 30-second intervals. Instruc- 
tions provided with the two devices were followed. Thirpj minutes 
later, urine was collected: the volume was measured and then 
frozen and stored at -20 ~ C. 

Unmetabolized urine albuterol was measured by high-pres- 
sure liquid chromatography with the method of Hindle and 
Chrys~n. 4 This was performed by National Medical Services. 
Inc. (Willow Grove. Pa.). This is representative of pulmonary 
albuterol delivery. 4, s A previous study has shown that there is 
very little absorption of albuterol in the oral cavity, 6 Compari- 
sons were made by using a paired t test. 

RESULTS 

T h e r e  w e r e  five par t i c ipan ts ,  all hea l thy  l i fe long non~ 
smokers :  fou r  m a l e  subjec ts  ages  13, 15.45,  and  46 yea rs  
and  o n e  43-year -o ld  w o m a n .  Tab le  I p r e s e n t s  t h e  resul ts .  
I n  e a c h  pa r t i c ipan t  t he  I F C D  set  at 700 ml / mi n  r e su l t ed  
in m o r e  u n m e t a b o l i z e d  ur inary a lbu te ro l  (p = 0.011). 

T h e  inc reases  w i th  t he  I F C D  w h e n  c o m p a r e d  wi th  the  
space r  device  r a n g e d  f r o m  6.26% to 63.55% m o r e  
u r inary  a lbu te ro l  in t h e s e  five par t i c ipan ts .  

DISCUSSION 

This  s tudy d e m o n s t r a t e s  tha t  an I F C D  set  at 700 
ml / mi n  dur ing  a lbu te ro l  del ivery f r o m  an  M D I  inc reases  


