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Effects of polysorbates and Cremophor EL on vascular responses in rat aorta
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Abstract. The effects of Tween 20, Tween 80, and Cremophor EL, surface active agents which are used for
dispersion of water-insoluble substances, on vascular responsiveness were investigated using rat aortic rings. In
high concentrations all these agents produced persistent contractions in aortic rings independent of the presence of
endothelium. These contractions were not influenced by inhibitors of known endogenous contractile mediators.
Incubation with these agents caused a concentration-dependent inhibition of the endothelium-dependent relaxant
responses to acetylcholine in intact precontracted aortic rings. Endothelium-independent relaxations produced by
sodium nitroprusside were not inhibited, but rather potentiated in the presence of Tween 80 (10~! ml/I). On the
other hand, Tween 80 inhibited the contractile effects of 5-hydroxytryptamine, phenylephrine, and bradykinin
significantly. The data suggests that these substances affect both endothelial cells and vascular smooth muscle.
Key words. Tweens; Cremophor EL; rat aorta; vascular responsiveness.

Polysorbates, non-ionic surface active agents (SAAs),
and Cremophor EL (Cre EL) are frequently used as
solubilization aids for water-insoluble substances in a
wide variety of medicinal products designed for either
topical or systemic use. Although these substances were
reported to be of somewhat low toxicity despite the
rather high concentrations used, some doubt has arisen
in the last decade over their suitability for use in medic-
inal products as excipients' 3. There have been reports
of adverse reactions to either Cre EL*'2 or Tween
80'3-% in humans and animals. These substances are
also used in experiments to test the role of water-insolu-
ble substances in biological responses. Ideally, solvents
used for these purposes should have no pharmacologi-
cal effect. It has not yet been clarified whether these
agents affect responses to vasoactive substances. In a
preliminary study we noticed that Tween 80, in an
acceptable concentration as a solubilization adjuvant,
abolished the relaxation mediated by endothelium.
Thus, the present study was undertaken to determine
the effect of SAAs on endothelium-dependent as well as
independent vascular responses.

Materials and methods

Locally bred albino rats (220-280 g) of cither sex were
anaesthetized with sodium pentobarbital (30 mg/kg)
and sacrificed by exsanguination from the common
carotid arteries. Thoracic aortae were quickly isolated,
cleaned of connective tissue, and cut into transverse
rings 3—4 mm width. The rings were fixed vertically
between stainless steel wire hooks and suspended under
2 g of resting tension in a tissue bath containing 10 ml
of Krebs-bicarbonate solution at 37 °C, continuously

aerated with 95% O, + 5% CO,. The upper wire was
connected to a Grass FT-03 force displacement trans-
ducer for isometric force measurements. Tissues were
equilibrated for 60 min, during which the medium was
replaced every 15 min. In some experiments, endothe-
linm was removed by gently rolling the rings on wires,
and the effectiveness of this deendothelization proce-
dure was determined by the abolition of relaxation
induced by 107¢M acetylcholine (ACh). Composition
of Krebs-bicarbonate solution was as follows (millimo-
lar): NaCl 118; KCl 4.7; CaCl, 1.5, NaHCO, 25;
MgSO, 1.1; KH, PO, 1.2; and glucose 5.6.

To study the endothelium-dependent responses, tissues
were precontracted with a predetermined concentration
of phenylephrine (5 x 10-7-10-% M) which caused 75—
80% of the maximal contraction. After reaching a
plateau they were relaxed by cumulative concentrations
of ACh. After washing for 15min and recovery for
30 min, tissues were incubated for 30 min with various
concentrations of Tween 80 (T-80), Tween 20 (T-20), or
Cremophor EL (Cre EL). Aortic rings were then pre-
contracted again and tested for ACh-induced relaxation
in the presence of SAAs. Each ring was exposed to only
a single concentration of one of these SAAs. Results
were expressed as percentage of relaxation of Phe-
induced tone. In order to determine the effects of
SAAs on contractile responses, concentration-response
curves of phenylephrine (Phe), 5-hydroxytryptamine (5-
HT), or bradykinin (Bk) were obtained before and after
incubation with T-80 (10~'ml/l) in endothelium-de-
nuded preparations. To test the effects of T-80 on
endothelium-independent  relaxation, responses to
sodium nitroprusside (SNP) were examined in endothe-
lium-denuded rings precontracted with Phe.
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All values within each figure were calculated as percent-
age of maximal contraction or relaxation. Results are
expressed as means + SEM. EC50 values for agonists
were defined as the concentration of agent producing
50% of the individual maximum effect and are expressed
as geometric means. Statistical significance was exam-
ined by using Student’s -test for paired or unpaired
observations.

Drugs: All drugs except UK 38485 (3-(1H-Imidazol-1-
yl methyl)-2-methyl-1H-indole-1-propanoic acid, Pfizer)
used in this study were obtained from Sigma Chemical
(St Louis, MO).

Results

Effects of SAAs on basal tension. All three SAAs at the
high concentration (1 ml/l) produced persistent contrac-
tions of rat aortic rings regardless of whether endothe-
lium was present or absent. This contraction was not
affected by repeated washing, or by antagonists or in-
hibitors such as phentolamine (alpha-adrenoceptor
antagonist, 10-° M), diphenhydramine (histamine-1 re-
ceptor antagonist, 10~> M), indomethacin (cyclooxyge-
nase inhibitor, 10-°>M), UK 38485 (thromboxane
synthase inhibitor, 107>M), and phosphoramidone
(kininase I and endothelin converting enzyme in-
hibitor, 10-7 M) (data not shown). At the high concen-
tration (1 ml/l) of T-20 or T-80, aortic rings were
further contracted with Phe, but no relaxation with
ACh was observed in endothelium intact preparations.
In the case of Cre EL (1 ml/l), ACh produced endothe-
lium-dependent relaxation in an inhibited manner. Rel-
atively lower concentrations of SAAs (107'-107> ml/I)
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produced no change in the base-line tone, so we limited
our studies to the analysis of inhibition of endothelium-
dependent relaxation to low concentrations of these
compounds.

Effects of SAAs on ACh-induced relaxation. In intact
aortic rings precontracted submaximally with Phe, addi-
tion of ACh (10-3-10-* M) produced concentration-de-
pendent relaxation. In preliminary control experiments
there was no detectable difference between two concen-
tration-response curves of ACh obtained 30 min apart.
Exposure of these rings to various concentrations of
T-20, T-80 or Cre EL (107'-10~° ml/l) attenuated the
ACh-induced relaxations significantly and dose-depen-
dently (fig. 1). There were also significant decreases in
the maximum relaxation responses to ACh in the pres-
ence of SAAs (table 1). Additionally, they produced
significant and concentration-dependent changes in con-
centration of ACh required to produce 50% of maximum
relaxation (EC 50). The potency order of SAAs was as
follows: T-80 > T-20 > Cre EL. T-80 was found to be the
most effective at a concentration of 0.1 ml/l for shifting
the —log EC 50 value of ACh from 7.20 £0.08 to
3.29 + 0.04, whereas Cre EL shifted the —log EC 50
value of ACh only slightly.

Effects of T-80 on endothelium-independent relaxations
induced by SNP. In Phe-precontracted aortic rings de-
nuded of endothelium, SNP produced concentration-
dependent relaxation. However, relaxation responses to
lower concentrations of SNP (1071°-3 x 10~% M) in the
presence of T-80 (0.1 ml/l) were found to be significantly
greater than control relaxation (fig. 2). Although T-80
did not change the maximum relaxation to SNP, —log
EC 50 values of SNP were found to be significantly
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Figure 1. Concentration-response curves showing the effects of Tween 80, Tween 20, and Cremophor EL (1073-1 m}/l) on endothe-
lium-dependent relaxation evoked by acetylcholine (ACh) in intact rat aortic rings precontracted with Phe. Each artery ring was exposqd
to only a single concentration of one of these surface active agents (SAAs). Relaxation is expressed as the percentage _of decrease in
Phe-induced tone. Each point is the mean of 810 observations; vertical bars indicate the SEM. For the sake of clarity symbols of
significance are omitted. Filled symbols represent the control values. Open symbols indicate that the difference between relaxations
before and after treatment with SAA is statistically significant (Student’s z-test for paired observations; a probability of 0.05 or less was

accepted as significant).
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Table 1. EC 50 values and maximum responses of acetylcholine (ACh) in presence of surface active agents (SAAs).
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Treatment (ml/)

EC 50 (—logM + SEM)

Maximum response (% + SEM)

control SAA control SAA
Tween 80 10-3 7.304+0.07 6.69 + 0.07** 94.7 + 3.7 80.2 + 4.6%
102 7.124+0.08 6.07 + 0.07** 91.5+4.6 71.7 +£3.8*
10! 7.20 +0.08 3.29 4 0.04** 947 +5.1 37.84£9.9*
1 7.06 +1.06 - 91.8+3.9 T.I
Tween 20 103 7.21 - 0.08 6.49 4- 0.08** 91.6+7.4 83.4 4 6.6*
102 7.11 +£0.07 6.10 + 0.06** 92.3+49 78.9 +4.4*
10! 7.02 £ 0.06 4.36 + 0.05%* 933447 67.9 + 8.0*
1 74941 1.19 - 942452 T.I
Cre EL 1073 7.59 +£0.10 7.54 +0.09 94.0 +4.1 91.5+4.1
102 7.51 £0.09 7.04 4+ 0.05%* 96.5 + 3.1 87.7 1 2.1*
107! 7.59 +0.10 5.70 £+ 0.06** 94.0 + 3.8 84.0 +3.1*
1 7.51 £0.09 4.22 4 0.06** 96.6 +2.3 43.1 4+ 3.8*

Each value represents 8—10 experiments, T.I. = Total inhibition.

*p < 0.05, **p < 0.001, significantly different from corresponding control value. Student’s ¢-test for paired observations.

Table 2. EC 50 values and maximum responses of contractile agents in presence of Tween 80 (T-80: 10! ml/l).

EC 50 (—log M + SEM)

Maximum response (gram + SEM)

control T-80

control T-80

Phe 7.21 £ 0.07
5-HT 7.17 +0.08
BK 4.59 +0.06

6.82 + 0.06*
6.74 4 0.07*
4.5240.07

0.959 +0.109
0.907 + 0.086
0.535 +0.059

0.867 1+ 0.098*
0.745 + 0.074*
0.388 +0.068*

Each value represents 8—12 experiments. *p < 0.005, significantly, different from corresponding control value. Student’s r-test for paired

observations.
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Figure 2. Concentration-response curves showing the effect of
Tween 80 (10~'ml/l) on endothelium-independent relaxation
evoked by SNP (107'°-1077 M) in deendothelized rat aortic rings
precontracted submaximally with Phe. Relaxations are expressed
as the percentage of decrease in Phe-induced tone. Each point is
the mean of 810 observations; vertical bars indicate the SEM.
Statistically significant from corresponding control value
*p < 0.05 (Student’s ¢-test for paired observations).

different (8.67 + 0.07 and 9.13 + 0.08 before and after
T-80 treatment, respectively).

Effects of T-80 on contractile responses in deendothelized
aortic rings. In endothelium-denuded preparations, Phe
(1078-10=>M), 5-HT (10°-10->M) and Bk (10 5-
3x10-*M) all caused concentration-dependent con-
tractions. Incubation with T-80 at a concentration of
0.1 ml/l for 30 min shifted the concentration-response
curves of these agonists to the right (fig. 3). T-80 re-
duced the maximum contractile responses to these
agonists by approximately 20%. Additionally, EC 50
values of Phe and 5-HT were found to be increased in
the presence of T-80 by the ratio of 3.0 and 2.5, respec-
tively (table 2).

Discussion

Polysorbates and Cre EL are frequently used for disper-
sion of water insoluble drugs in some medicinal prod-
ucts. The inhibitory effect of Cre EL, a Cyclosporin A
solvent, on endothelium-dependent relaxations has been
shown in rabbit mesenteric artery and thoracic aorta®.
It is reported that Cre EL acts as a weak thromboxane
A,-receptor agonist, or alternatively its vasoactive
property is due to the small amount of ricinoleic acid
that might be present in the Cre EL?®. The interactions
between polysorbates and endothelium-dependent re-
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Figure 3. Concentration-response curves showing the effect of Tween 80 (10~! ml/l) on contractions induced by Phe (10-°-107>M),
5-HT (107°~1075 M), and Bk (107°-3 x 107* M) in rat aortic rings denuded of endothelium. Results are expressed as the percentage
of maximal contraction for each agonist. Filled symbols represent the control values, and open symbols represent the contractions
evoked by agonists in the presence of Tween 80. Each point is the mean of 10-12 observations; vertical bars indicate the SEM.
Statistically significant from corresponding control value *p < 0.05, **p < 0.005 (Student’s z-test for paired observations).

sponses have not been extensively studied. In a study
using rats injected with T-80 at a concentration of
10 ml/kg i.p. weekly for 4 weeks, no significant changes
were reported either in the histopathological cxamina-
tion of endothelium or in the pulmonary responsiveness
to ACh or Angiotensin II?6. Although functional or
histological damage of endothelial cells was not demon-
strated with T-80 treatment®, it appears from the
present study that acutely administered polysorbates
and Cre EL impair the functional status of endothelial
cells, since the relaxation responses to ACh in precon-
tracted aortic rings were inhibited. Our data show that
incubation of deendothelized aortic rings with T-80
does not inhibit the relaxation response to SNP, the
endothelium-independent vasorelaxant, but rather po-
tentiates it at lower concentrations of SNP. This sug-
gests that SAAs show an inhibitory effect on relaxation
only when the relaxation is endothelium-dependent.
Both polysorbates and Cre EL at the high concentra-
tion produced a considerable increase in the base-line
tension of aortic rings regardless of the presence of
endothelium. The fact that phentolamine, diphenhy-
dramine, indomethacin, UK 38485, and phosphorami-
done did not show any effect suggests that the probable
release of endogenous mediators of smooth muscle con-
traction is not involved in this tension increase caused
by SAAs in the high concentration.

In the present study, the inhibitory effects of polysor-
bates on ACh-mediated relaxation were similar to those
induced by Cre EL. Thus, these agents may share a
common inhibitory mechanism. Consistent with our
findings, it has been reported that perfusion of rat
mesenteric arterial bed with some other surface active
detergent substances such as sodium deoxycholate or
CHAPS  (3-((3-cholamidopropyl)-dimethylammonio)-

1-propanesulphonate) resulted in a reduction of en-
dothelial function?-?°. In the present study, T-80 was
found to be the most effective in this manner when
similar concentrations of SAAs were compared.
Although SAA treatment decreased the effectiveness of
ACh as an endothelium-dependent vasorelaxant, it is
also possible that it is the sensitivity of smooth muscle
rather than the activity of the endothelium that has
been affected. In fact, endothelium-independent concen-
tration of aortic rings observed at higher concentrations
of SAAs suggested a direct action of these agents on
vascular smooth muscle. T-80 significantly inhibited the
contractile responses of Phe, 5-HT and Bk as well. The
inhibition of contractile responses with the lack of inhi-
bition of SNP-induced relaxations points out a mecha-
nism(s) other than a change in the sensitivity of the
smooth muscle.

Therefore, we could not conclude anything about the
precise mechanism of these reductions in the effects of
either ACh or vasoconstrictors. Whether the effect of
SAAs is due to a change in the morphological character
of smooth muscle or endothelial cells, or in a step
related to functional status, remains to be investigated.
In conclusion, the present results show that T-20, T-80
and Cre EL inhibit the potency of ACh as an endothe-
lium-dependent vasorelaxant, and also the contractile
effects of vasoactive agents. Such actions must be taken
into account when using SAAs as solubilizing aids.
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