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The effects of 
cremophor EL in the 
anaesthetized dog 

The effects of cremophor EL were studied in 13 anaesthetized, 
paralyzed and ventilated dogs. Twenty per cent cremophor EL 
in a dose of 4.3 + 0.92 ml was hlfi4sed at a rate of 30 rid' hr-( bz 
seven dogs, thoracopulmonary compliance, heart rate, ~D,stemic 
arterial pressure (SAP), pulmonary pressures (PAP, PCWP, 
RAP), cardiac output (CO) and platelet and white cell counts, 
were measured before the injection of cremophor EL, at the 
end of infusion and 5, 10, 30 and 1.50 minutes after the end of 
infusion. In six dogs, SAP, CO, and blood volume were mea- 
sured before the injection of eremophor EL, at the end of 
infusion and 10, 30, 90 and 150 minutes after the end of 
infusion. Plasma histomhte and catecholamines were assayed 
before the injection of cremophor EL and 2, 5, t0, 30, 90 and 
150 minutes after starting the infusion. 

Cremophor EL induced a marked, sustained and significant 
decrease in SAP at the end of infusion and at 5, 10 and 30 
minutes after the completion of the infusion (-68,  -71,  - 70  
and -43  per cent respectively), in PCWP, RAP and CO ( -78  
per cent at the end of infusion, -32  per cent 150 minutes after 
the end of infusion). Heart rate and systemic vascular resis- 
tance did not vary significantly. Pulmonary vascular resistance 

increased at the end of infusion, five and ten minutes after the 
end of infusion (+ 734, +548 and +439 per cent respectively). 
Plasma volume decreased I0 and 30 minutes after the end of 
infusion ( - 2 8  and -30.5 per cent respectively). Thoracopnl- 
monary compliance decreased ( -46  per cent at the end of 
iofusion). Platelet and white cell counts decreased markedly. 
There was a marked and sustained increase in plasma hista- 
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mine (+ 1214 per cent 10 minutes after start of  infusion) and in 
plasma epinephrine and n~repinephrlne. In six dogs cutaneous 
erythenm and oedenm of the paws and of the muzzle were 
present. 

Ihese findings are very similar to the observations reported 
in man during unaphylactoid and~or anaphylactie reactions. 
This model could be used in studying anaphylactoid reactions 
and tkeir prevention and treatment. 

Anaphylactic and/or anaphylactoid reactions are being 
reported with increasing frequency in the anaesthesia 
literature. Reviews and monographs have been devoted 
to this subject) 5 The mechanisms of these reactions 
remain controversial, 6 and prevention and treatment are 
poorly defined, Numerous anaesthetic agents are able to 
induce such reactions, particularly pmpanidid and althesin 
which are dissolved in cmmophor EL (polyoxyethylenated 
castor oil). The effects of cremophor EL have not been 
extensively studied in animals or in man. Studies have 
been restricted to haemodynamic effects (arterial hypo- 
tension) and to histamine release in the pig 7 and the 
dog. s The present study was undertaken to examine in 
the dog the effects of intravenous injection of cremophor 
EL on systemic and pulmonary haemodynamics, the res- 
piratory system, blood volume, white cells and platelets, 
histamine and catecholamine release, and to compare 
these effects to the anaphylaetoid or anaphylaetie reac- 
tions reported in man. 

The study was carried out in 13 male beagle dogs 
(mean weight + SD = 13.2 --- 1.5k8) fasted for 12 
hours. Each animal was placed on a thermostatically 
con~olled mattress, with rectal temperature being main- 
mined at 38 -+ 0.5 ~ C. A foreleg vein was cannulated and 
anaesthesia was induced with thiopentone IV (20 mg-kg- i). 
The trachea was intubated and ventilation was controlled 
artificially (FxO2 = 1.00). Respiratory frequency was 
fined at 12/min and tidal volume was adjusted to produce 
an end-tidal carbon dioxide concentration of 5 --- 0.5 per 
cent, which was monitored using an infrared analyser. 
The animals were paralyzed with 0.5mg.kg - I  (total 
dose) of pancuronium. Anaesthesia was maintained with 
halothane (inspiratory concentration 1.0 per cent), A 
femoral catheter was inserted to record systemic arterial 
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pressure and collect blood samples. A Swan-Ganz thermo- 
dilution catheter (5F) was placed in an external jugular 
vein and its tip was placed distally in a pulmonary artery 
with the aid of oscilloscopic display of the blood pres- 
sure curve. Twenty per cent eremophor EL (the concen- 
tration used in ahhesin) was infused through a peripheral 
vein at a constant speed (30ml-hr-l). The infusion of 
eremophor was stopped when systolic arterial pressure 
decreased by more than 50 per cent of control. 

The anima]s were divided into two groups. In the first 
group (Group I, n = 7), tracheal pressure, respiratory 
flow and tidal volume were continuously recorded. Heart 
rate, systemic arterial pressure, pulmonary arterial pres- 
sure, pulmonary capillary wedge pressure, right atrial 

pressure, cardiac output, plate]et and white cell counts, 
were measured I.~fore the injection of cremophor EL, at 
the end of infusion and 5, 10, 30 and 150 minutes after 
the end of infusion. Haemodynamic measurements were 
also made three minutes after the beginning of the infu- 
sion of cremophor EL. Cardiac output (CO) was mea- 
sured by thermal dilution with the use of a cardiac output 
computer (Hewlett-Packard). Three ml of five per cent 
dextrose in water (temperature 0-4 ~ C) were injected 
into the fight atrium. CO was measured in triplicate and 
the average was used. Pulmonary capillary wedge pres- 
sure (PCWP) was measured. Systemic arterial pressure, 
pulmonary pressures and the pneumogram were recorded 
on a polygraph. The haemodynam[c measurements were 
made at the end of expiration. Vascular resistances were 
calculated using usual formulae. Dynamic thoracopul- 
monary compliance (C) was calculated: 

C =  
tidal volume (ml) 

tracheal pressure (cmH20) 

in the second group (Group 1I, n = 6) cardiac output, 
systemic arterial pressure and blood volume were mea- 
sured before the injection of cremophor EL, at the end of 
infusion and 10, 30, 90 and 150 minutes after the end 
of infusion. Plasma histamine and catecholamines were 
assayed before the injection of eremophor EL and 2, 5, 
10, 30, 90 and 150 minutes after starting the infusion. 
Blood volume and plasma volume were measured using 
the distribution of autologous red blood cells labelled 
with 51-chromate in accordance with the recommenda- 
tions of the International Committee for Standardization 
in Hematology. Blood samples were aliquoted into prc- 
chilled tubes containing one per cent (V/V) ethylene- 
diamine-r~traacetic acid (0.5 moI-L ~) for histamine assay 
and into prechilled beparinized tubes for the assay of 
catecholamines. The tubes were kept on ice and centri- 
fuged at 4~ within 30 minutes of sampling, and the 
supematant was stored at -80~ until assay. Plasma 
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FIGURE I Typical panems of systolic arterial pressure, BP mmHg 
(closed circles) and thoraeopulmonary compliance, ml-cmH20- J 
(open circles) during infusion of cremophor EL. Bars = minutes 

histamine was assayed using a double isotope radio- 
enzymatic method 9 with a sensitivity of 25pg-ml-t. 
Plasma epinephrine and norepinephrine were assayed 
using a double radio-enzymatic method 1~ with a sensitiv- 
ity of 5 pg'ml -t. 

The data were an'alyzed by two-way an',dysis of vari- 
ance, followed by the studentized range test for multiple 
comparisons, t 

Results 
The expected drop in systemic arterial pressure occurred 
after infusion of the eremophor EL. In six dogs cutaneous 
erythema and oedema of the paws and muzzle were ob- 
served. All animals recovered without untoward problems. 

Group I - Systemic haemodynamics 
The haemodynamic pattern was highly reproducible 
(Figure I). Systemic blood pressure began to fall after 
three to four minutes, with the maximum decrease occur- 
ring in six to eight minutes, figure 2 shows the effects of 
cremophor EL on systemic haemodynamics. Systolic 
hlood pressure was markedly decreased at the end of the 
infusion of cremophor EL ( -68  per cent, p < 0.01), and 
five and ten minutes after the end of infusion (-71 per 
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FIGURE 2 Group 1, n = 7. Mean (• systemic arterial pressure 
(SAP, mmHg), heart rare (betas/rain), cardiac out'put (CO. L.min -~) 
and systemic vascular resistances (SVR, dync's'cm-~), before 
infusion of cremophor EL, at the end of infusion (C) and 5, 10, 3('1 and 
150 minutes after the end of infusion. *p < 0.05; **p < 0.01. 

cent, p < 0.0t  and - 7 0  percent,  p < 0.01 respectively). 
It then increased slowly ( - 4 3  per een! at the 30th minute, 
p < 0.01). At 150 minutes it was slightly increased com- 
pared to basal values (+eight  percent,  p < 0.O1). Cardiac 
output decreased sharply and rapidly. This decrease was 
significant three minutes after the beginning of infusion 
( - 4 7  per cenl, p < 0.01), and very marked at the end of 
in(usion ( 78 per cent, p < 0.01). It then increased 
slowly but remained significantly lowered up to the 150th 
minute ( - 3 2  per cent, p < 0.01). Heart rate increased 
slightly three minutes after the beginning of the infusion 
(+ 18 per cent, p < 0.01), but did not differ from basal 
values at the end of infusion, Subsequently heart rate 
decreased slightly and this decrease was significant ten 
minutes after the end of infusion. Systemic vascular re- 
sistanee increased markedly and significantly three miu- 
utes after the beginning of infusion (+98  per cent, p < 
0.05) but subsequently did not differ from basal values. 
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F1GURE3 Group I, n = 7. Mean (• pulmonary arterial pressure 
(PAP, mmH~), fight atrial pressure (RAP, mmHg), pt~lmonat 3, 
capillary wedge pressure (PCWP, mmHg) and pulmonary vascular 
resistai~ces (PVR. dyne-s .era -~) before infllsion of cremophor [~L. 
at the end of infusion (C) and 5, 1 O, 30 and 150 minutes after the end of 
infusion. *p < 0.05; ~*p < 0.121. 

Pulmonary haemodynamics 
Figure 3 shews the effects of cremophor EL on pul.mo- 
nary haemodynamics. Pulmonary arterial pressure did 
not vary significantly. Right atrial pressure and capil]ary 
pulmonary pressure decreased significantly three minutes 
after the beginning of infusion, at the end of infusion and 
5, 10, 30 and 150 minutes after the end of infusion. 
Pulmonary vascular resistances increased markedly and 
significantly at the end of infusion and five and ten 
minutes after the end of infusion (+734 per cent, p < 
0.01; +548 per cent, p < 0.01; +439 per cent, p < 
0.01, respectively). 

Thoracopulmonary compliance 
Figure 4 shows the effects of cremophor EL on dynamic 
thoracopulmonary compliance. Compliance decreased 
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FIGURE 4 Group [, n = 7. Mean ( - S D )  thoracopulmonary com- 
pliance (ml.cmHTO -1) before the infusion of ctemophor EL, at the end 
of infusion (C) and 5, 10, 30 and 150 minutes after the end of infusion. 
**p < 0.01. 

rapidly and was markedly decreased at the end of infu- 
sion ( -46 per cent, p < 0.0t). Subsequently, it increased 
slowly and it did not differ from basal values at 150 
minutes. 

Haematological changes 
Figure 5 shows Ihe haematological chanses induced by 
eremophor EL. Haematocrit increased significantly at 
the end of infusion and reached maximum values 150 
minutes after the end of infusion (+23 per cent, p < 
0.01). The platelet count decreased sharply and signifi- 
cantly at the end of infusion, then increased slowly. Val- 
ues at 150 minutes did not differ significantly from basal 
values. The leucocyte count followed the same generat 
profile except that at 150 minutes there was a significant 
increase (+60 per cent, p < 0.01). 

Group II - Systemic haemodynamics 
The effects of cremophor EL on arterial blood pressure, 
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FIGURE 5 Group ], n = 7. Mean ( •  leucocyte count/mm 3, 
platelet count/ram 3 and haematocrit (per cent) before the injection of 
cremophor EL, at the end of infusion (C) and 5, 10 .30 and 150 minutes 
afar  the end of infusion. *p < 0.05, *~p < 0.01. 

heart rate and cardiac output were the same as in Group 
1. 

Plasma histamine and catecholamines 
The table shows the changes in pIasma histamine and 
catecholamines. Plasma histamine increased sharply after 
cremophor EL administration, reaching maximum val- 
ues at 10 minutes (+1214 per cent, p < 0.001). At 150 
minutes the plasma histamine level was nearly double 
basal values. Plasma epinephrine and norepinephrine 
rose concommitantly (+816 per cent and +200 per cent 
respectively at ten minutes). 

Blood volume 
Figure 6 shows the effects of cremophor EL on blood 
volume. Blood volume decreased significantly at ten 
minutes and 30 minutes (-17.7 per cent, p < 0.05; 
-19.5 per cent, p < 0.02, respectively). This decrease 
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FIGURE 6 Group 11, n = 6. Mean (*SD) haematocrit (pet cent), 
blood volume (BV, ml), red cell volume (RCV, ml), and plasma 
volume (PV, ml), before the injection of eremophor EL mid 10, 30, 90 
and 150 minutes after the beginning of infusion, tp < 0.02; *p < 0.05; 
**p < 0.01. 
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was due to a decrease in plasma volume ( - 2 8  per cent, 
p < 0.05; - 3 0 . 5  per cent,  p < 0.05 respectively), 

D i s c u s s i o n  

Cremophor EL is used as a solvent for various drugs 
used as anaesthetics (althesin, propanidid,  diazepam), 
steroids and vitamins (A, D, E, KI) .  Although althesin 
has now been withdrawn,  cremophor  EL is still widely 
used. Cardiovascular collapse has been reported with 
althesin and propanidid in man,  12 and thought to be due 

to the solvent cremophor  EL. A proportion of these 
reactions has been encountered on the first administra- 
tion of the agents. The effects of eremophor  EL have not 
been extensively studied. Glen et  a l .  7 proposed a pig 
model for the study o f  adverse reactions to anaesthetics 
and their solvents. However,  the responses noted in pigs 
differ greatly from those associated with adverse reac- 
tions in man in that bronchospasm is not a feature of  the 
reaction and marked hypertension rather than hypoten- 
zion is a constant finding. The dog model has been 
proposed by Lorenz et  a l .  8 principally for the study o f  
histamine re]ease. 

The results of  the present study confirm the observa- 
tions of  Lorenz et  a l .  s They show that the dog model can 
be used in studying anaphylactoid reactions. In fact, 

reactions observed in dogs  after administration of crem- 
ophor EL are very similar to reactions reported in man 
during anaphylactic or anaphylactoid reactions. The clin- 
ical effects of cremophor  EL observed in the present 
study have previously been reported with eremophor- 
containing drugs, mainly ahhesin,  in dogs. ~3,t4 In all our  
dogs cremophor EL induced severe cardiovascular  col- 
lapse, with a significant and protracted decrease in blood 

TABLE Results. Plasma histamine, epinephrine and norepinephrine [mean • SD) before (time 13) and after cremnphor infusion. Group II, n = 6. 
Mean • SD 

Time 
(min) 0 2 5 10 30 90 150 

Histamine (rig .mr - j ) 
0.63 -*- 0.10 20(3.65 -+ 490.07 7703.8 • 4276.1 77141.8--+ 9717.6 15956.8-- 13728.3 2231.4 • 2582.4 960.75 - 805.46 

p NS 0.01 f).001 0.05 NS 0.05 

Norepinephrlne (ng. ml - 11 
0.49 --. 0.11 436.6 --. 691.1 180.3 • 440.2 1327.4 • 730.0 1108.3 + 589.1 777.1 z 612.8 1{)66.4 + 10664 

p NS NS 0.01 0.01 [3.05 NS 

Epinephrine (ng.ml -~ ) 
0.12 • 0.05 0.11 • 0.06 0.21-'-0.11 1017.9 -'- 929.1 6662• 0.38• 0.16• 

p NS NS 0.05 NS NS NS 
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pressure and cardiac output, associated with a massive 
increase in plasma histamine and catecholamines. Of the 
various mast cell-derived mediators released during ana- 
phylactic and/or anaphylactoid shock (histamine, seroto- 
nin, leucotrienes, platelet activating factor, etc.) hista- 
mine is at present the most easily assayable in plasma. 
Plasma histamine levels can be considered a good marker 
of mast cell degranulation. ~ Our data show that cremo- 
phor-induced cardiovascular collapse is associated with a 
large increase in histamine, thus indicating acute mast 
cell degranulation. The observed rise in plasma epineph- 
rine and n o r e p i u e p h r i n e  is likely due to baroreflex stimu- 
lation of the sympathoadrenai system due to hypoten- 
sion,16'17 and may contribute to the secondary decrease 
in plasma histamine. 18-2o Histamine and eatecholamines 
release has previously been reported during anaphylac 
toid reactions in the rat 2~ and during annphylactic and 
anaphylaetoid reactions induced by succiny]choline 22 and 
morphine ~3 in man. 

In man, due to the unpredictable and dramatic nature 
of anaphylactic and/or anaphylactoid reactions, there 
have been lew complete haemodynamic studies. Moss e t  

al .  22 reported one case of an anaphylactic reaction three 
minutes after administration of succinylcholine. Heart 
rate increased dramatically, but cardiac output and sys- 
temic vascular resistances remained unchanged. There 
was massive release of histamine and catecholamines. 
Carlson et al .  z4 reported a case of non-cardiogenic pul- 
monary oedema with hypotension and low cardiac filling 
pressures associated with anaphylaxis. In the case reported 
by Fisher 25 hypotension was due to hypovolemia. Symons 
et  a l .  26 reported two cases of anaphylactoid reactions to 
vancomycin with an increase in systemic and pulmonary 
capillary pemleability. In the report by Silvemran et  

a l .  27 of an anaphylactic reaction to penicillin, there was 
a decrease in arterial pressure, cardiac output, and capil- 
lary pulmonary wedge pressure, and an increase in peak 
airway pressure, pulmonary vascular resistance and sys- 
temic vascular resistance. Pontes et a l .  2s recently reported 
a reaction to thiopentone, associating cardiovascular col- 
lapse and non-cardiogenic oedema. 

The effects of cremophor EL on systemic and pulmo- 
nary haemodynamics observed in our dogs are similar m 
the few haemodynamic studies made in man. They are 
also similar to the results reported by Enjeti et  a l .  29 in 
anaesthetized and artificially ventilated dogs during antigen- 
induced anaphylactic reactions. These reactions were 
accompanied by a decrease in systemic arterial pressure, 
cardiac output, and right and left atrial pressures, with- 
out significant changes in pulmonary arterial pressure 
and heart rate. These authors attributed the fall in cardiac 
output to blood pooling in the splanchnic circulation, 

extravasation of plasma playing a secondary role in their 
model of anaphylactic shock. 

In our dogs, the initial haemodynamic modifications 
were probably also due to splanchnie pooling, resulting 
m decreased venous return. However, as in man, 2s'3~ 
subsequent hypovolemia related to extravasation of plas- 
ma was undoubtedly an important mechanism explaining 
the prolonged decrease in blood pressure and cardiac 
output. The maln haemodynamir difference between man 
and dog is the alteration in heart rate. In man, tachycar- 
dia is frequently reported during anaphylactic or anaphy- 
lactoid reactions, in the present study there was a slight 
increase in heart rate three minutes after the start of the 
infusion of eremophor EL, and a slight decrease ten 
minutes after the end of infusion. This absence of tachy- 
cardia has previously been reported in anaesthetized dogs 
during anaphylacdc shock. 29,31 It should be noted that 
in non-anaesthetized dogs anaphylaetic shock induces 
tachycardia. 32 

In man, respiratory disturbances seen during anaphy- 
lactoid and/or anaphylactic reactions are primarily bron- 
ehospasm, and less frequently pulmonary oedema. 25-28 
In the monkey, Revenas e t  a l .  ~3 showed that during 
antigen-induced anaphylaxis dynamic compliance was 
decreased as a result of constriction of small airways and 
pulmonary congestion. In the present study, the injection 
of cremophor EL resulted in a significant and persistent 
decrease in dynamic thoracopulmonary compliance. This 
decrease occurred early, before the fall in systemic arte- 
rial pressure (Figure 1). Dynamic compliance depends 
on both airway resistance and static properties of the 
respiratory system. In the present study, neither airway 
resistance nor static compliance were measured. It is 
possible that both are modified during anaphylactoid 
reaction induced by cremophor EL. However, the rapid 
decrease in dynamic compliance and the rapid increase 
in tracheal pressure are more consistent with an increase 
in airway resistance than with a decrease in pulmonary 
compliance, for example due to pulmonary oedema caused 
by extravasation of plasma, which is a late event. It is 
also possible that halothane produced bronchodilation, a4 
reducing the bronchoconstriction effect of the cremophor 
EL. 

Haematological changes have been described during 
anaphylaetic and/or anaphylactoid reactions. Cellular 
changes during administration of altliesin occur even in 
the absence of clinical signs. 3s Platelet aggregation is a 
well-documented phenomenon in shock, sepsis and trau- 
ma. In anaphylactic shock, extensive platelet aggrega- 
tion was associated with a marked drop in platelet count 
within five m i n u t e s .  36 The platelet count rose progres- 
sively during the next 90 minutes. It is quite possible 
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that, as in canine endotoxin shock,~7 platelet aggregation 
plays an important role in the pulmonary response ob- 
served in the present study. 

The results of the present study show that cremophor- 
induced shock is of the anaphylactoid type, and includes 
cutaneous erythema and oedema, hypotension, venous 
pooling, plasma extravasation, histamine and catechola- 
mine release, and decreases in dynamic thoracopulmon- 
ary compliance and leucocyte and platelet counts. This 
model could be used in studying anaphylactoid reactions 
and their prevention and treatment. 
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R6sum6 
Les effets du cr~mophor EL oat #t~ dtudi~s chez 13 chiens 

anesth~si,~s, eararis~a et ventilds artificiellement. 4.3 • 0.92 ml 
de crdmophor ,i 20 pour cent oat ~t~ injectds d la vitesse de 

30 mllheure. Chez sept chiens, la compliance thoracopulmo- 

naire, la fr~quence cardiaque, la pression artdrielIe sysMmi- 
que (SAP), tes pression putmonaires (PAP, PCWP, RAP), le 
ddbit cardiaque (CO), les plaquettes et les leucocytes, ont *;td 
mest~rds avant l'injection de crdmophor EL, d latin de l'injec- 

lion et S, 10, 30 et 150 minutes apr~s latin de l' injection. Chez 
six chiens, SAP, CO et la masse sanguine oat ~M mesurds 
avant l'injeetion de crdmophor EL et 10, 30, 90 et 150 minutes 

apr,~s la fin de f'injection. Uhistamine et tes catdcholamines 
plasmatiqttes furent mesur~es avant l'injection de cr~mophor 

EL et 2, 5, 10, 30, 90 et t50 minutes aprds le ddbut de 
~' injection. 

Le cr~mophor EL provoqua une diminmon importante, durable 

et significative de SAP a la fin de I'injection, 5, 10 et 30 
minutes apr~s la fin de l'injection (respectivement, -68, -71,  
-70  et -43  pour cenO, de PCWP, de RAP et de CO ( -78  
pour cent fi la fin de l'injeclion, -32  pour cent 150 minutes 
aprds fa fin de t'injection). La frdquence cardiaque et les 
rdsistances vasculaires syst:miques ne varidrent pus significa- 

tivement Les r~sistances vaseulaires pulmonaires augmentd- 
rent d latin de f'injection, cinq et dix minutes aprds latin de 
l'injection (respectivemem +734, +548 et +439 pour cent). 
Le volume plasmatique diminua 10 et 30 minutes apr~s latin de 
l'injection (respectivemerd - 2 8  et -30.5  pour cent). La com- 
pliance thoracopulmonaire diminua ( -46  pour cent d la fin de 
l'injection ). Les plaquettes et les leucocytes dJminu~rent forte- 
meat. II y eat une augmentation tr~s importante et durable de 
l'histamine piasmatique (+1214 pour cent dix minutes apr~s le 

d~but de I' injection) et des eaMcholamines plasmatiques. Chez 
six ehiens un dryth~me cutan4 et un ceddme des paues et du 
museau furent observds. 

Ces effets sont trds proches des phdnom~nes rapporMs chez 
l'homme au cours d'aecidents anaphylactiques etlou anaphy- 
lactoides. Ce moddle pourrait ~tre utilis~ pour l' ~tude des r~ac. 
tions anaphylactoides, de leur prdvention et de lear traitement. 


