OLYTIC EFFECT OF POLYSORBATES (TWEENS) 80 AND 20 ISOLATED TISSUES
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Summaryy: Polysorbates (Tweens) 80 and 20 brought about 30-100% inhibition of the spasmogenic
effect of histamine, acetylcholine, carbachol, angiotensin, bradykinin, 5-HT, prostaglandin F, alpha,
prostaglandin E,, barium chloride and potassium chloride on the isolated guinea pig ileum. Like
papaverine, polysorbates blocked the contraction of the depolarized guinea pig ileum induced by calcium
chloride and carbachol. Polysorbates blocked the Schultz-Dale reaction of theileum pieces of the sensiti-
zed guinea pigs.

Polysorbates inhibited the action of carbachol and potassium chloride on the isolated rabbit jejunum,
and the stimulant actions of carbachol, 5-HT, oxytocin and potassium chloride on the uterus of the oes-
trus-induced rat. Polysorbates also inhibited the contractions induced by adrenaline and carbachol on
the isolated guinea pig seminal vesicle, but did not reduce the inhibitory effect of adrenaline and iso-

prenaline on the isolated rabbit jejunum. At higher doses polysorbate 80 but not 20, produced
relaxation of the tissue. Polysorbates did not influence the stimulant effect of acetylcholine, carbachl

and potassium chloride on the isolated frog rectus abdominis muscle.
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INTRODUCTION

Polysorbates (Tweens), the non-ionic surface active agents are extensively used for
ulsifying, dispersing, wetting or dissolving many drugs (3). Unlike cationic (like cetrimide)
d anionic (like teepol) agents whose respective ions are surface-active, polysorbates do not
onize in water. Oral use of polysorbate 80 is considered safe in man (11) and is recommended
promote absorption of the ingested fat and vitamin A in patients suffering from

steatorrhoea (8).

Polysorbates release histamine in the dog and other species of the canine family but not
other laboratory animals and man (9, 10). In the frog Rana tigrina, polysorbate 80
wrns the brown skin vellow (1) and induces severe hypotension and myocardial depression
7. Spermicidal and weak antihyaluronidase actions of polysorbate 80 have also been

reported (18).

In pharmacodynamic studies, polysorbates are used for suspending or emulsifying drugs:

in this connection Singh (15) observed that polysorbate 80 reduced the excitability of the

solated guinea pig ileum. Further work which confirmed and extended his finding is

presented here.
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MATERIALS AND METHODS

Polysorbate 80 known as Tween 80 or polyoxyethylene (20) sorbitan mono-oleate (sp
1.08 at 20° C, B.P.C. 1968) and polysorbate 20 known as Tween 20 or polyoxyethylene|
sorbitan mono-laurate (sp. gr. 1.10 at 20° C. B.P.C. 1968) were suitably diluted in di
water.

Pieces of the guinea pig ileum (4a) and ileum of the sensitized guinea pig (for Scl
Dale reaction; 13), rabbit jejunum (4b), uterus of the oestrogenized rat (13), guinea pig sei
vesicle (16) and frog rectus abdominis muscle (4c) were mounted in a 10 m/ capacity organ
containing Tyrode (37°C), Ringer (37°C) de Jalon (31°C), Locke (39°C) and amphibian Ri
(room temperature) solutions respectively. The bath fluids were continuously bubbled
oxygen. In some experiments, guinea pig ileum pieces were used after partial or comp
depolarization (5, 6). Simple or frontal writing lever of about 1:8 magnification was use
recording the contractions on the smoked drum. In most of the experiments, separate i
pieces were used for individual agonists. The submaximal (about 50-75% of the maxi
concentrations of the agonists were used. The individual concentrations of agonists were
ed to act for 15-60 sec till the tissues responded completely. Solution of polysorbate act fo
min. Three to 5 min interval was allowed 80 or 20 was put in the bath, in 0.1-0.
volumes, and allowed to between successive additions of the agonist; when polysorbates red
tissue sensitivity to the agonists, sufficient time was allowed for recovery.

RESULTS

Doses mentioned below are per m/ of the bath fluid.

Guinea pig ileum : In the concentrations which did not manifest any direct a
polysorbates inhibited by about 30-100 ) the responses to histamine, acetylcholine, carbag
angiotensin, bradykinin, 5-hydroxytryptamine (5-HT), prostaglandin F, alpha, prostaglandin
barium chloride and potassium chloride (Table I). Papaverine (10 pg) which was used;
positive control rediced the response to histamine (20 ng; 2 experiments) carbachol (100
2 experiments) prostaglandin F, alpha (10 ng, 1 experiment) and prostaglandin E; (201
experiments) by about 50, 40, 90 and 959 respectively. The contractions of the depola
guineapig ileum induced by calcium chloride and carbachol were inhibited by polysorba
and 20 as also by papaverine (10 pg, 2 experiments).

Polysorbates blocked the antigen (horse serum)- induced contraction of the ileum of
sensitized guinea pigs (Schultz- Dale reaction; Table 1).

Rabbit jejunum : Polysorbates inhibited the contractions induced by carbachol;
potassium chloride (Table II). On the other hand polysorbate 80 (3.0 p/) and polysorbs
(6.0 u/) did not alter the dose-dependant relaxation induced by adrenaline (0.5 4
experiments) and isoprenaline (3 g, 1 experiment).
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ber 3
In larger doses (1.0-3.0 pl) polysorbate 80 but not 20, inhibited the pendicular

movements and produced dose-dependant relaxation (Fig. 1; 6 experiments) of the rabbit
kjunum. Propranolol (Inderal, 5 pg, 2 experiments) and tolazoline (Priscol, 4 pg, 2 experi-

Sttt
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Fig. 11: TIsolated rabbit jejunum. Time interval Fig.2: Isolated guinea pig illeum. Doses per

3min. Doses per ml bath fluid. Note that ml bath fluid. Time interval 3 min. Poly-
polysorbate 80 (T80, 1 /) induced relaxation as sorbate 80 (T;=0.01 ul, T,=0.03ul) and
did isoprenaline (I, 3 pg) and adrenaline (A, polysorbate 20 (T3=0.01 ul, Tg=0.02ul) was
0.05 pg). added to the bath, at respective arrows, a min

bafore carbachol (.=10ng : =20 ng.)

ments) blocked the inhibitory action of isoprenaline (3 ug) and adrenaline (0.5 pg) but not that
of polysorbate 80. Further, pentolinium (Ansolysin, 50 pg, 1 experiment) and propranolol-
tolazoline mixture (1 experiment) did not influence the polysorbate 80 - induced relaxation.

Rat uterus : Polysorbates 80 and 20 reduced the contractions induced by carbachol,
5-HT, oxytocin and potassium chloride (Table II).

Guinea pig seminal vesicle : Polysorbates 80 and 20 inhibited the contraction induced
by adrenaline and carbachol (Table II).

Frog rectus abdominis muscle : Polysorbates 80 and 20 (upto 30 ml concentration) "did
not alter the contractions induced by acetylcholine (0.5 png; 3 experiments), carbacot (0.5 pg: 3
experiments) and potassium chloride (1.0 mg; 1 experiment).

The inhibition of the agonist - induced contraction by polysorbates was dose-depsndant,
reversible and could be repeatedly elicited on the individual tissues; it could be overcome by
increasing the dose of agonists Fig. 2. The anti-histamine effect of the polysorbates on guinea-
pig ileum persisted longer (Table I) than the antagonism of the remaining agonists. The action
of barium chloride, potassium chloride and calcium chloride could be inhibited by comparatively

larger doses of polysorbates (Table I).
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TasLe I: Inhibitory effect of polysoibates 80 and 20 on the contractile responses to differeit agonis
the isolated guineapig ileum.

July
Ind. J. Physiol. Pha

Agonist (dose per ml bath fluid)

Polysorbate 80

Polysorbate 20

ul per ml Average (range)  Average  ul per ml Average (range) Av
bath fluid  percent inhibi- recovery bath fluid ~ percentage rec
(number of tion time in (number of  inkibition  time
experiments) min experiments) min
Histamine acid phosphate 0.03(16) 45 36 0.03(4) g 3
(0,05 ug) (36—55) (60-84)
Acetylcholine (0.1 pg) 0,01(7) 52 3 0,001(3) 72
(40—65) (65—82)
Carbachol (0.01 p.g) 0.01(9) 49 12 0.03(5) 73 10
(31—56) ] (58—85)
Angiotensin (5.0 #ng) 0.03(3) 68 15 0.03(3) 62 12
(53—381) (45—73)
Bradykinin (5.0 ng) 0.03(4) 50 6 0.01(3) 90 18
(40—60) (80—100)
5-HT creatinine sulphate (0.2 pg) 0.0](3) 43 3 2,01(3) 62
(32—50) (45—73)
Prostaglandin F, alpha (10.Cpg) 0.C02(3) 60 12 0,0016(3) 43
(47—80) (35—48)
Prostaglandin E; (20.0 pg) 0.003(3) 40 3 0.C03(3) 77
(30—50) (64—90)
Barium chloride (10.0 p.g) 0.3(4) 40 S 0.2(3) 95 1
(30—55) (85—100)
Potassium chloride (1,0 m1g) 0.1(5) 46 10 0.2(3) 92
(33—60) (83—100)
*Calcium chloride (5.0 mg) 1.0(3) 50 15 1.¢(3) 70
(43—54) (64—78)
** Antigen (horse serum, 0.2 ml)  20.0(3) 100 sk 5.0(3) 100

*Depolarized tissue used in these experiments,

**[leum of the sentitized guineapigs were used in these experiments.




b; 136 Polpsorbates (Tweens) on Isolated Tissues 197

TapLE I1: Effect of polysorbates 80 and 20 on the action of different agonists on scme isolated tissues.

Polysorbate 80 Polysorbate 20
S
Agonists u! per ml Average (range) Average pl per ml  Average (range) Average
(dose per ml. bath fluid  percent inhibi- recovery bath fluid percent inhi- recovery
bath fluid) (number of tion time in  (number of bition time in
experiments) min experiments) min.
bbitjejunum*®
Carbachol
(0.05 wg) 0.03(5) 38 6 0.05(4) 40 3
(30—50) (36—44)
Potassium choloride
(1.0 mg) 10C3)H " 42 9 C.1(3) 38 6
(355-a3)7; (33—44)
estrogenized
t’s uterus
Carbachol
f (0.3 ug) 0.3(3) 63 16 0.103) 42 12
(56—73) (30—50)
5-HT creatinine
sulphate 1.4(4) 50 20 1.5(3) 70 20
(10.0 ng) (40—64) (60—75)
Oxytocin
(0.0008 I.U.)  1.0(4) 50 30 0.74) 87 2%
(35—60) (80—93)
Potassium chloride
(4 mg) 2.0(3) 52 16 0.1(3) 46 12
(48—60) (35—60)
Guinea pig seminal vesicle
Adrenaline 0.3(3) 70 35 0.1(3) 86 30
(6.0 ug) (60—75) 75—100)
Carbachol 2.0(3) 76 18 1.0(3) 89 24
(1.0 ng) (70—85) (8¢—100)

*Polysorbate 80 produced dose-dependent relaxation of this tissue.
*This dose of polysorbate 80, in these experiments, did not producc relaxation.
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DISCUSSION

Ideally, substances used for physical dispersion of drugs should be completelyi

experiments. Thus, propylene glycol and sodium lauryl sulphate which are commonly used
physical dispersion of the drugs have been shown to have their own pharmacodynamic eff
(14, 17). The present work shows that polysorbates are more potent inhibitors than propk
glycol on the isolated guinea pig ileum and other smooth muscles.

The earlier finding (10) that 0.01 w/ of polysorbates 20 per ml/ bath fluid had no ac o
its own on the isolated guinea pig ileum is confirmed in this work. Blanpin (2) observed!
polysorbate 80 (0.5 u//ml bath fluid) brought about 60 % inhibition of the acetylcholine respo
action of the rat duodenum; this concentration and the degree of inhibition are close to th
observed in the present work on the guinea pig ileum and other tissues.

It is interesting to note that polysorbates blocked the stimulant action of adrenaline
the guinea pig seminal vesicles but not its inhibitory ones on the rabbit jejunum.

Thus, the present work  suggests that polysorbates inhibit only the stimulant effects
different agonists on the smooth muscle preparations.

Verges (18) has suggested that the simultaneous existence of hydrophobic and hy
philic groups in the polysorbate molecules gives them some particular properties concefl
membrance permeability. This may explain many actions of polysorbates reported in Tab
and II. However, such a mechanism would not properly explain the two findings na i
polysorbates did not block (i) the inhibitory effect of adrenaline and isoprenaline on the raf
jejunum and (ii) the stimulant effect of acetylcholine, carbachol and potassium chloride or
frog rectus muscle.

Though polysorbate 20 (a mono-laurate ester) is a more potent inhibitor of so m
agonists (Tables I and II), it failed to relax, unlike polysorbate 80 (a mono-oleate ester),:
isolated rabbit jejunum. This suggests that their inhibitory action may not be related to dir
muscle relaxing property.

Polysorbates. like papaverine, blocked the stimulant action of calcium chloride
earbachol on the depolarised guinea pig ileum. In the depolarized tissues, spasmogens-'
contraction by directly acting on the contractile elements (5, 6). The findings in thisWe
therefore, suggest that polysorbates act by directly inhibiting the contractile elements of
smooth muscle.

ACKNOWLEDGEMENT

Thanks are due to the Unichem Laboratories, Bombay for polysorbates 80 and 20; to
Bombay for angiotensin; to May & Baker, New Delhi for pentolinium; to Burroughs Wellc



Polysorbates (Tweens) on Isolated Tissues 199

bay for isoprenaline and to Sandoz, Basle for synthetic bradykinin. Dr. J. E. Pike of
ohn, Kalamazoo, U.S.A. is specially thanked for promptly sending the prostaglandins.
R.C. Setia gave diligent technical help. The Council of Scientific and Industrial Research,
7 Delhi generously granted Senior Research Fellowship to M, Sabir.

REFERENCES

~ Baide, N.K. and L. Gupta. &Histamine liberators and melanophores of Rana tigrina. J. Pharm. Pharmac..

19: 58-59, 1967.

Blanpin, O. Influence des surfactifs sur 1’activite de 1’histamine et de 1’acetylcholine. Therapie. 15:

61-72, 1960. (English translation by the INSDOC, CSIR, New Delhi).

British Pharmaceutical Codex. London, The Pharmaceutical Press, 1968, p. 644-646.

Burn, J.H., Practical Pharmacology, Oxford, Blackwell Scientific Publications, 1952. (a) p. 17,(b) p. 12 and

(C) p.l. :

Edman, K.A.P. and H.O. Schild. The need for calcium in the contractile respones induced by acetylcho-
ine and potassium chloride in the rat uterus. J. Physiol (Lond.), 161 : 424-441, 1962.

Evans{izD. I;IS;J and H.O. Schild. Mechanism of contraction of smooth muscle by drugs. Narure, 180 :
341-342, 1957.

Gupta, L. 4 Pharmacological Study of Some Histamine Liberators in the Frog (Rana tigrina), Ph. D. Thesis,
All-India Institute of Medical Sciences, New Delhi, 1968.

Jones, C.M. . P.J. Culver, G.D. Drummey and A.E. Ryan. Modification of fat absorption in the diges-
tive tract by the use of an emulsifying agent. Ann. Int. Med.,29 : 1-10, 1948.

Krantz, J.C. and J.G. Bird. Effect of intravenous ‘Tween’ solutions in various animals and man. Fed.
Proc. 8 : 310, 1949..

Krantz, J.C., C.J. Carr, Jr., J.G. Bird and S. Cook. Sugar alcohols. XXVI. Pharmaccdynamic studies
of poly-oxyalkylene derivatives of hexitol anhydride partial fatty acid esters. J. Pharmac. Exp. Ther.,
93: 188-195, 1948.

Krantz, J.C., P.J. Culver, C.J. Carr and C.M. Jones. Sugar alcohols XXVIII. Toxicologic, pharmaco-
g}gfn?gnc] 3.1511d clinical observations on Tween 80. Bull. School of Medicine, University of Maryland, 36 :
Ray, G.N. and N.K. Bhide. Some interactions between the boiled and normal herse serum., Aspects
of Allergy and Applied Immunology, Vol. 111, Delhi, New Heights, 1969, p.21.

Sabir, M. and N.K. Bhide. Study of some pharmacolcgical actions of berberine. Ind. J. Physiol. Phar-
mac., 15 : 111-132, 1971.

Shah, D.S. Effects of propylene glycol on the intenstinal smooth muscles of experimental animals. Ind.
J. Physiol. Pharmac., 13: 147-151, 1969,

Singh, M. Unpublished work, 1968.

Stone, C.A. and E.R. Loew. Specificity and potency of arylhaloalkamine adrenergic blocking drugs as
determined on isolated seminal vesicles of guinea pigs. J. Pharmac. Exp. Ther., 106 : 226-234, 1952.
Vad, B.G., V.K.Desmukh, P.R. Vakil and R.N. Jalit. Pharmacological studies on sodium laurlyl sul-
phate, Ind.J. Hospital Pharm., 5 : 8-10, 1968,

Verges, G. Algunos aspectos pharmacologicos del polisorbat 80. Rev. Lber. Ndocr.,6 : 353-361, 1959,
(English translation by INSDOC, CSIR, New Delhi).



