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Abstract 0 Methacrylic acid and 12 methacrylate esters were
evaluated for their effects upon blood pressure, heart rate, elec-
trocardiogram, and respiration in anesthetized dogs following in-
travenous administration. All of these compounds increased re-
spiratory rate, decreased heart rate, and produced electrocardio-
graphic changes. The compounds could be divided into three
types according to their effects on blood pressure: I, those produc-
ing a biphasic response, i.e., an abrupt fall followed by a secon-
dary rise; I, those producing only a hypotensive effect; and III,
one producing only a hypertensive response. The compounds
comprising Type I were methacrylic acid; methyl, ethyl, n-propyl,
n-butyl, isobutyl, and hydroxyethyl methacrylates; and 1,3-bu-
tylene dimethacrylate. Type II compounds were 2-ethylhexyl, iso-
decyl, lauryl, and tert-butylaminoethyl methacrylates. Dimethyl-
aminoethyl methacrylate produced the Type III response.
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The use of acrylic polymers as biomedical materi-
als has been well established over the past sev-
eral years. Typical applications include dentures,
bone substitutes, contact lenses, and, experimental-
ly, artificial “implantable” teeth. The completely
polymerized material appears to be reasonably well
tolerated by various tissues in vivo, although there
may be some degradation and/or solubilization of
the polymer by the body’s fluids or mechanical
“wearing” of a device such as a Judet prosthesis (1,
2). The use of self-curing acrylics, however, may
present problems associated with a residual mono-
mer, an activator, an initiator, heat generated from
the exothermic reaction, or a combination of these.

Some early toxicity studies (3, 4) were conducted
on the methacrylate monomers, and the chronic oral
toxicity of the methyl ester was studied in rats and
dogs (5). Strain (6) suggested that the methyl meth-
acrylate monomer was responsible for certain cases
of hypersensitivity reactions to self-cured acrylics.
Cohen and Smith (7) attributed the fall in blood
pressure frequently seen from orthopedic use of a
bone cement (self-curing methyl methacrylate ce-
ment) and occasional cardiac arrests to the methyl
methacrylate monomer and/or small particles of the
polymer, either as the primary or a contributory
cause. Deichmann (3) reported a fall of blood pres-
sure in the rabbit from the methyl methacrylate mo-
nomer and, more recently, a similar transient, hypo-
tensive response in dogs was reported (8).

In previous articles of this series, it was reported
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that the methacrylate monomers tend to reduce rate
and force of contraction of the isolated rabbit heart
(9), to inhibit spontaneous contraction of the guinea
pig ileum, and to antagonize the stimulant effect of
acetylcholine and barium chloride upon the ileum
(10). (Three of the higher members of the series were
not active on the isolated ileum, while dimethylami-
noethyl methacrylate produced an effect opposite to
that described.)

The use of self-curing methyl methacrylate bone
cement in fitting orthopedic prostheses has been as-
sociated with a significant number of transient hypo-
tensive reactions in patients (7, 11-14), with a small
incidence of cardiac arrests. Some investigators (7,
11) suggested that the monomer is responsible for, or
at least a contributory factor in, the observed hypo-
tensive states and cardiac arrests. Others (12, 13,
15-17) hypothesized that these result from factors
other than the monomer such as fat emboli and tem-
perature of reaction. The description by Deichmann
(3) concerning the effect of the methacrylate mono-
mer upon blood pressure of the rabbit, “When in-
jected intravenously in doses of 0.03 or 0.04 cc./kg.
body weight, the compounds produced a prompt and
sudden fall in the arterial pressure (from about 90 to
50 mm. Hg.) followed by recovery during the fol-
lowing 3 to 4 minutes,” is quite similar to that by
Frost (13) concerning clinical use of bone cement.
Frost commented: “In these cases the insertion of
the cement into the femoral component was followed
after approximately one minute by a precipitous fall
in blood pressure to about 70 mm. Hg. In all cases
recovery was rapid, unassisted by transfusion or va-
sopressors, and normal levels of blood pressure were
regained in five to six minutes.”

The following studies were undertaken in anesthe-
tized dogs with a number of methacrylate monomers
to supplement earlier data (3, 8) for methyl metha-
crylate and to extend the information to a number of
its homologs.

EXPERIMENTAL

Methacrylic acid and 12 of its esters were included in this
study?; these were: methyl, ethyl, n-propyl, n-butyl, isobutyl, 2-
ethylhexyl, isodecyl, lauryl (dodecyl), hydroxyethyl, tert-butyla-
minoethyl, and dimethylaminoethyl methacrylates and 1,3-butyl-
ene dimethacrylate.

The methacrylates were prepared for testing by dissolving the
more soluble ones (methacrylic acid and hydroxyethyl and di-

1 All of these compounds were obtained from Rohm & Haas, Philadelphia,
Pa., except for n-propyl and 2-ethylhexyl methacrylates, which were obtained
from K & K Labs, Plainview, N.Y.



methylaminoethyl methacrylates) in normal saline (5% v/v) and
preparing a suspension of the others in normal saline with 0.1%
gum acacia. Satisfactory suspensions of 5% (v/v) methacrylates
were prepared with a blender2.

Male mongrel dogs (9-12 kg) were anesthetized with 35-45
mg/kg ip of sodium pentobarbital which was supplemented, if
needed, by small intravenous doses. By using standard tech-
niques, the right common carotid artery was surgically exposed,
cannulated, and attached to a pressure transducer?® for determin-
ing systemic blood pressure; the trachea was cannulated and at-
tached to another pressure transducer? to record respiratory pres-
sure changes in the airway. The right femoral vein was cannulat-
ed to facilitate intravenous injections. Needle electrodes were
placed subdermally in the four limbs of the dog for recording the
electrocardiogram. All of these were connected to the appropriate
preuamplifiers and calibrated, and data were recorded using a po-
lygraph?®.

Four dose levels of each methacrylate were tested; the highest
was rapidly fatal to the dog, while the other three produced mea-
surable changes in one or more of the vital functions being record-
ed.

RESULTS AND DISCUSSION

Blood Pressure—Based upon the pattern of blood pressure re-
sponses observed, these 13 compounds can be divided into three
categories: Type 1, those producing a biphasic response (an
abrupt fall, followed by a more sustained rise); Type II, those
producing a sustained hypotensive response; and Type III, one
compound producing a sustained hypertensive effect. The com-
pounds included in Type I were methacrylic acid; methyl, ethyl,
n-propyl, n-butyl, isobutyl, and hydroxyethyl methacrylates; and
1,3-butylene dimethacrylate. A Type Il response was produced by
isodecyl, 2-ethylhexyl, lauryl, and fert-Butylaminoethyl metha-
crylates. Only dimethylaminoethyl methacrylate produced a Type
III response. In an earlier report, using the isolated guinea pig
ileum, dimethylaminoethyl methacrylate was also found to elicit
an atypical tvpe of response when compared to the other mem-
bers of this series (10). These data are presented in Table I, which
shows the mean values obtained as well as the range of responses
noted. Test solutions and suspensions were prepared on a vol-
ume-to-volume basis; both the volume and moles of compound
contained in the dose are presented in this table.

Tvpe [ Compounds—This group comprised the greatest number
of compounds in the series tested. The responses observed were
qualitatively similar, differing only quantitatively. Following an
injection of the methacrylate, there was an abrupt fall in system-
ic pressure, ranging from 18 to 42% for the lowest doses used and
from 39 to 79% for the highest doses. This hypotensive effect gen-
erally persisted for 2-4 min. Pressure then began to rise slowly
until it reached a plateau somewhat higher than control values.
The hypertensive phase was sustained for about 10-15 min at
about 3.2-17.2% above control values for the low doses and at
about 11.5-41.5% above control values for the highest of the three
dose levels evaluated.

Tvpe I Compounds—Four compounds in this series elicited
only a hypotensive response. They also showed variation among
-compounds as to effective dose levels, with lauryl methacrylate
being the least active and the tert-butylaminoethyl derivative
being the most potent. The three dose levels of isodecyl and lau-
ryl methacrviates reduced blood pressure by 5-25%, with a dura-
tion of 2-4 min. 2-Ethylhexyl methacrvlate produced a more sus-
tained hypotensive effect, lasting 20-30 min, with a 17-41% de-
crease in blood pressure. Much smaller doses of tert-butylami-
noethyl methacrylate produced a 20-50% reduction in blood pres-
sure, with a duration of 30-40 min.

Tvpe [l Compound—Only one of the compounds tested, di-
methylaminoethyl methacrylate, elicited a hypertensive effect
without a preceding fall in pressure. It was also the most potent
compound, producing a 28-67% increase in pressure with smaller
doses than required for the others. The hypertensive effect per-

2 Waring.

3 Statham P23AC.
4 Statham P23Dc.
5 Grass, model 7.

Figure 1 —Typical electrocardiographic changes produced by
Type I methacrylate compounds. Key: A, control electrocar-
diogram; B, electrocardiogram after administering lowest dose
of methacrylate; C, electrocardiogram after administering next
higher dose of methacrylate; D, electrocardiogram after ad-
ministering high dose of methacrylate; and E, electrocardiogram
after administering highest (lethal) dose of methacrylate (mv =
millivolt).

sisted for 30-40 min. Thus, this compound seems to be an atypi-
cal member of the series, both qualitatively and quantitatively.

Although the doses varied for the individual compounds. a
dose-response relationship for each compound was observed with-
in the three-dose range employed. Quantitatively, lauryl methac-
rylate was the least potent compound of the series in its effect
upon blood pressure, while dimethylaminoethyl methacrvlate was
the most potent.

Heart Rate—The changes in heart rate following methacrylate
administration are shown in Table I. All compounds produced a
decrease in heart rate within the dosage range tested; however,
the magnitude of change was usually less than noted for blood
pressure. Propyl and isobutyl methacrylates appeared to reduce
heart rate the most, while lauryl and isodecyl methacrylates
seemed to cause the least reduction. The duration of effect upon
heart rate was similar to that observed for blood pressure. Al-
though the reduction in heart rate was dose related for each test
agent, the magnitude of effect upon rate did not necessarily corre-
late with the magnitude of change in blood pressure.

Respiration—All tested compounds increased the respiratory
rate (Table I). This increase was seen with all three dose levels
for each compound, except with the two lowest doses of lauryl
methacrylate. which produced no change. The magnitude of this
increase ranged from 7 to 356% over control values. The duration
of this effect was rather short for lauryl and isodecyl methacry-
lates; however, most compounds produced an effect lasting up to
20 min. Butyl and isobutyl methacrylates showed the most dra-
matic increase in respiratory rate.

Electrocardiogram—The effects of methacrylate injection
upon the electrocardiogram of the dog fell into three patterns, as
did the effects upon blood pressure.

Tvpe [ Compounds—The lower doses produced a slight increase

Vol. 63, No. 3, March 1974 [ 377



29 9LT+ €e°1¢ €8’ 1T 39 91— €8 911 €e°881 SI've+ €681 G9 €9— €€°€9 99 9¢1 W +-01 X 0¥
(9g-g2)  (F1-01) (ge1-031)  (09T-SET) (081-2S1) (g8—08) (0ST-0ET) (Tur 830" 0)
00 00T+ 99 %2 €831 68 11— 00221 g€ evT PO 61+ 99°991 L9 Tv— 99 18 00 0¥1 W 5-01 X %03
(61-S1) F1-01) #F¥1-061)  (P91-SET) (0L1-981) (go1-001)  (0ST-GE€T) aje[A1oeyjawl (T $210°0)
g ov+ €8°L1 €831 g¥ 8- 00 ¥€1 €e 9¥T €9 11+ 00091 L0 63— 99 101 ] € [Ay12£x01pAH Emroﬂ X SW
W 9eET 0
.................................................................... et Tl L W 5-0T X 2€8
(89~g¥)  (P1-0D) (01-39)  (¥ET-OTD) (013-002) (99-09)  (091-G¥T) (Tux 8990 0)
g6 g5e+ 99 1§ €8 IT 69 1E€— 9968 €63l LI'ge+ 00°60Z ¥€'6S-— 99°19 99° 16T W o-01 X 9TF
(05-58) (01-8) (g11-06)  (OPI-SIT) (50%-061) (06-58)  (091-0ST) (1w $€€0°0)
9% 3ge+ 311 4 €6°6 6€'3%— 99 10T 00 1€1 L8'9%+ 99 961 60 ¥v— 99 98 00°SST W 5-0T X 803
(92-53) (01-8) (921-201)  (8E1-81T) (06T-GLT) (011-001)  (09T-0ST) 91e[A10BY oW (fux 910 0)
12 291+ £€°462 99°6 96 6— 99 $11 €8°L21 02 L1+ 99 18T €£'¢¢— £8°€01 00°§ST g [43nqosy Emloﬂ X SW
[w 09910
........................... R (- ) S L €L R LR EERD - 0T X 0801
(§5-09) (L1-01) (511-08)  (S9p1-SC1) (g81-0LT) (001-96)  (991-0ST) (T 0€80°0)
£6 208+ £¢ 26 00°€T T19°9%— £€°86 00" PET LS 1T+ 99 9LT 66'8¢— 99 96 £€°89T W - 01T X 07§
(8¥-5¥) (L1-01) (9g1-96)  (S¥1-S2T) (081—591T) (021-00T)  (991-0ST) (Tt S1%0°0)
¥8 ¢¢z+ 00 9% 00°€T TP 91— 00 211 00°¥€T 1 '8+ 99 ILT LV 63— 99 111 £6°8ST W 01 X 043
(Le-28) (L1-01) (0e1-001)  (SPI-S3T) (0LT-SST) (5e1-021)  (S91-0ST) o1e[AIoByouL (T £0g0 0)
L0 ¥91+ o 45 00°€T 99°31— €8 LIT €e°¥ET ST g+ €8°69T 68 LI— 0001 €€°891 € 1fing EA?OH X mmw
W 0%2% "0
““““““““““““““““““““““““““““““““““““““““““““““““““““““ R el S o (0 R R R EEEEE e, W 50T X 0991
(o¥-0¢8) (G1-01) (001-06) (FP1-GET) (0gz—522) (09-0%) (§L1-091) (I 0g11°0)
LT°00%+ 00°G¢ 99°'TT €6°88— €€ 66 00°0¥I %9 Ge+ €€°8%% 38 L9— 0099 €€ 89T W - 0T X 08L
(38-g2) (ST-0T) (6T1-901)  (SPT-SET) (0g%-96T) (001-66) (081-09T) (rax 0950°0)
86 21+ 0092 99 1T 18€2— 99 901 00 0¥1 ¥S g3+ €€°80% TT ¥%— 00°S6 00 0LT W 4-0T X 06
(92-S1)  (S1-0D) #g1-811)  (PPI-9ET) (061-0LT) (0z1-011)  (081-091) sre[Lioeyjem (1w 0820 " 0)
G6°29+ 0061 99°IT 68°2I— 00221 00°0¥T S8 9+ 99 18T €€ €8— €€ €11 00°0LT € [Adodd W »-0T1 X G61
(Twr 89€1° 0)
““““““““““““““““““““““““““““““““““““““““““““““““““““ (OSOP [BUFO L) -~ - oo oo oo oo oo oo el o ool W 501 X 080T
(9€-38) (81-1D) (911-v01)  (BYI-2¥1) (012-961) (0L-69) (691-0971) (Tur $89¢°0)
1% 9v1+ 99 €€ 99°€T 117693~ £€°601 00°9%¥1 ¥L v+ 99 10% 99 8¢ — 9999 99 191 € W 5-0T X 0FS
(98-93) (0Z-11) (0g21-211)  (0G1-0FT) (881-081) (56-98) (291-0971) (T Z¥g0 0)
G6 95T+ 0062 €' IT 1V 03— 99 °GT1 €€ SG¥T L g1+ 99 18T 9€ GV — €€ 88 99 19T € W 5-0T X 043
(6z-91) (02-21) (9e1-921) (291-3¥1) (GLT-0LT) (Gr1-901)  (G9T-09T) 9jB[AloByjoW (W 1L10° O
01 vg+ 99 61 99°P1 €T 11— €27 081 99°9%T 1z L+ €€ ELT G6 18— 00 01T 99 191 S Ay EA?S X Ge1
[W 8611 0)
“““““““““““““““““““““““““““““““““““““““““““““““““““““““““ (BSOP [BYISTT) ~---vvvrmsrrarro i comriiiie s el i s W s-0T X 0211
(62-22) (01-0T) (021-901)  (OPT-0ET) (622-50%) (0¥-0¢8) (GLT-091) (Tw 6650 0)
09 9¢1+ 99 8% 00°0T G%'9T— 99 111 €e°¢eT 00 0+ 99913 66 8L— 00°S¢ 99 991 € W 5-01 X 098
(22-12) (01-6) (321-911)  (O¥VI-0€T} ($12-00%) (08-GL) (8L1-99T) (1w 6630 " 0)
%% ¥o1+ 99 1% 99°6 ¥V 01— 00021 00" ¥€1 9L 8%+ €€°80% GV ¥S— 99 9L €€°891 £ W +-0T X 08%
(81-ST) (01-6) (621-081)  (B¥I-0ET) (g8T-GLT) (001-56) (SLT-G9T) e1BAIoRyjoW (W %10 0}
99 69+ 0091 99'6 19 6— €€°3521 €¢°6eT 16°L+ 99 18T LG GV — 9996 €€°891 € L EEN AN EA? 0T X 0¥1
[ut 660 °0)
..... R G S L2t £ R W01 X P21
(81—g1) (L-9) (98-3L) (G01-86) (G8T-GLT) (ge-08) (091-6ST) (T 9L%0°0)
L6°LST+ £€°91 €8'9 g8 1%— 00 08 €501 ¥L VI+ 99 18T ¥6 8L— €€°¢¢ £€°8GT € W o-0T X 296
(§1T-11) (8-9) (96-98) (011-86) (GL1-0LT) (69-09) (09T 65T (Tt 06100
00 06+ 99 21 99'9 0T ¥I-— £€°68 00°%0T LV 6+ €8 ELT 00 09— €€ €9 €6 83T € W 0T X %32
(01-6) (8-9) (801-86) (011-86) (0LT-591) (501-00T)  4(091-GST) pIoe (T 6600 0)
oy Sy + 996 99'9 83 1-— 99201 00°¥01 1g'9+ €8°89T 6L°Ge— 99 101 «£€°8GT tH OHATIRYIBIN W »-0T X ZI1
aduey) urut,/ajelx urw/ejer  9duey) ulw/s3vaq uiw/syeeq  aduey) 8H ww aduey) dH ww SH ww sgoq ojduregq 159 1, wel3oyy
JUAIdg  “JuUBWIGBAL], [OJIU0D)  JUIIRJ ‘jusmIIBAL], ‘[01IU0)) Juadled ‘esuodsey uedidg ‘esuodsey ‘[oguod Jjo Jad sso(y
Py REURATS Axrepuodeg 1ei3uy xaq
— -um
ajey Axojeltdseyg 9jey jIeal aInssalg poord N

SIDWOUON 33e[AI0BYIB N JO S109H [Bo13ojodemuieyJ—T] d[qe,L

378 / Journal of Pharmaceutical Sciences



*pajou sasuodsax jo aduvy g "an[ea UB3N[ o,

(Twr 8070 ' 0)

“““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““ (8SOP [BYIO ) - oo oo oo W - 0T X 02T
(29-99) (05-3T) (g11-901) (SPT-GEL) (093-092) (9ST1-S¥T) (Wt $010°0)
GL 893+ 0069 0091 ¥3 03— 99 111 00 0¥T 8899+ €€ 892 00 08T W - 01 X 09
(87—8¢) (02-31) (811-601)  (QP1-S€T) (022—S13)  (9S1-SET) (1wt 200~ 0)
00 GL1+ 00 ¥V 0091 06 61— 99 211 99 0¥1 GG G+ €€ 813 00081 aje[AIoeyjow W 0T X 08
(8e-¥¢) (81-21) (821-031) (8¥1-8€T) (961-061) (SST-S¥1) [Ay3eourwe (Tw 9200 °0)
9% 081+ €¢°¢¢ €¢'GT 96 €1— £€€°€31 €8 EV1 LL Lo+ 99 161 00081 € “[Aygeuq W01 X ST
(Tur 09L0°0)

..................................................................... (880D [BYJOY) --- - oo rm oo o s sl W +—-0T X 098
(82-9%) (0z-¥%1) (0g1-311)  (SSTI-9%1) (08-08) -(991-09T1) (Tur 08€0 " 0)

28 8%+ 00°LZ 00 LT 86°3%— 00 911 0g 08T 9L, 0§~ 0008 09291 T s-01 X 081
(92-33) (0—¥1) (ze1-¥81) (9ST-9%1) (021-S1T)  (0LT-09T) ([w 0610 °0)
LT ¥1+ 00 ¥2. 00 LT €%'G1— 00821 00" 19T 8L 8% — 08 LIT 007991 ajejdioeylow W01 X 06
(g2-81) (02—¥1) (Gvi-ve1) (8ST-8¥1) (Fe1-0e1T) (0LTI-991) [AY3e0UtUIE (1w ¢600°0)
Ly 9g+ 09813 00°LT 08°6— 00 8€1 00 891 68 03— 0S "3¢1 0§ L91 A -[&g-140; W -01 X §¥
— (rx 00%3 " 1)

S SRR o Lo o W - 0T X $hEE
(91-81) (31-01) (011-%01)  (0ZT-0%1) (og1-901)  (0GT-OPT) (rux 0029 " 0)

06 0¥+ 0SS 00 1T 1% 01— 0S " L01 00021 96 81— 0S LIT 00 S¥T W 9-01 X ZLIT
(z1-01) (31-01) (911-911)  (0Z1-031) (ge1-031) (091-0¥%1) (fwr 001E ' 0)
0 00 11 00 1T SL'&— 0S°S11 00031 9021~ 09,21 00°'S¥1 W s-01 X 988
(Z1-01) (31-01) (021-911)  (031-02T) (g¥1-¢e1) (0ST-S¥T) ajB[AI0RyjoW ([ur 0gS1°0)
0 0011 00 TL 99 1— 00 81T 00031 80 G— 00 0¥1 08 L¥T ré fxey 3y .01 X 81F

(rur 889¢ " 0)

............................................................................ et T £l U W - 0T X ¥5¥I
(92-22) (31-8) (ge1-831)  (SSI-¥P1) (G8T-031)  (0L1-0ST) (M $%81°0)

09 981+ 99°€2 00°01 L2 31— £¢° 081 €8 9¥T 00 0g— 99931 €€ 89T W o-01 X 3BIL
(81-%1) (31-8) (g¥1-081) (QLI-SST) (gs1—0¥1) (GLT-0ST) (1wt 260 " 0)
9g¢ 8L+ 99 91 g6 ¥8'8— 99 °'6¢1 99°L¥1 LZ 6~ 99 '9¥%1 99 19T W e-01 X 99¢
(21-8) (z1-8) (2e1-981)  (8ST—2¥1) (G91-0ST)  (OLT-8FT) ajE[AByoW (1« 19%0°0)
8T L+ 0001 €66 99'G— ee I¥1 €8 6¥1 ST 6— €6°891 99 191 € [A93posT ¥ .01 X SLI
(o 8092 " 0)

...................................................................... i B L b RS ELRDEEEEES W 0T X 3SIT
(ze-82) (02-01) (821-301)  (8ST-0ET) (g11-001)  (GGT-SPD) (rur y0€T " 0)

%6 081+ €8 °6¢ 00 %1 OF ¥&— 00 311 €8 681 €'65— €€ 80T £8°6S1 W o-0T X 9LG
(¢¥v—23) (02-8) (ee1-¥11) ($91-2ET) (oe1-¢1)  (091-S¥1) (Twr 2990 °0)
80 20T+ 00°€¢ €L 9T ¥8'91— €€ 321 €€ V1 99 61— €6 °831 €8 89T I 5-01 X 882
(88-81) (81-9) (8¥1-031)  (¥91-98T) (o¥1-931) (091-0ST) aje[A1oBYjour (Tur 9220 " 0)
£e eeI+ 0082 0021 60 01— 00 2e1 €8 9¥1 68 ¥1— €2 681 99961 € IAXYAYIH-3 W s- 01 X $PL
(fur g6ge " 0)

“““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““ (BSOP [BYFO T) -~ mmmmm o orm oo ool oo W o 0T X 0091
(o¥—¢g) (31-01) (S11-%9) (S¥1-98) (015-081) (¢9-09) (091-921) (Tur 96LT " 0)
8% €93+ 99° L8 99 01 §8'95— 99 '¢8 99°80T 9% TP+ €€°€6T 99 89— €e°89 99 '9¢1 W 5-01 X 008
(g2-¥2) (B1-01) (gg1-9L) (e¥1-06) (00z—¢g81) (001-08)  (G91-0ET) (Tur 8680 ' 0)
%9 ¥81+ £€e 0¢ 99°0T L9 €5— €876 99 91T S£'8%+ €€ 8LT 63°GE— 9916 99 T¥1 W o 01 X 00%
(08-02) Z1-11) (Ge1-88) (0S1-26) (¢81-9S1) (011-96) (09T-0ET) aje[AIoBYjoUID (1ur 670 °0)
or ¥I1+ 00°G% 9911 3£ 6— 99 €01 €8°EIT 96 €I+ €€°69T L0 63— 99 101 €8 ev1 g auaLing-g‘1 EATS X oow
W 36600
............................................................. B e o L L RSt L EACCREEEEE, W .- 0T X 808
(ye-82) (z1-oT1} (021-0TT)  (0ST-0ET) (06T-0LT) (¢9-09) (gp1-0ET) (ur 96%0°0)

aguey) utur,/9jel uiur/ajel  a3uevy) UIUI/S}eaq UlW/sjeaq aduey)) 3 ww aduey) S ww 8 ww sdo(g ajdweg 1591, urex3o[rsy
JueoIdd  ‘quawajeal], ‘[oqjuo) JuddIsd ‘juswjest], ‘[0I3U0)) JueoaaJ ‘osuodsdy juadIeg  ‘@suodsey] ‘or3uo)) Jjo xad esoq
X913V RV A1epuodeg [erziuy Jaq
-um
8jey Alojeadsoy ajey jaesH aaInssaxd poordq N

Vol. 63, No. 3, March 1974 / 379



P j by
N f ,.[ N ""] Y, NJ!. N,J‘ /\.J‘: ,,\.Ji/\_f |./\J4"T/_f}w

'

B B N

B B B

{ — 11second

1 t

Figure 2—Typical electrocardiographic changes produced by
Type IT methacrylate compounds. For key, see Fig. 1.

in the PR interval, an increase in the RR interval, prolongation of
the ST segment, and a depression of the T wave (Fig. 1B). The
median doses depressed and caused a marked sagging of the ST
segment, inversion of the T wave, and further prolongation of the
PR interval (Fig. 1C). Higher doses reduced the height of the R
wave, increased the negativity of the S wave, and produced a
prominent upright T wave (Fig. 1D). Premature ventricular
contractions were frequently seen. With still higher (lethal) doses,
the ventricular rate became very slow with a depressed QRS com-
plex, an upright T wave, and a pattern of three P waves per
QRS-T complex (Fig. 1E).

Type Il Compounds—The lowest doses employed produced de-
pression of the P wave, an increase in the RR interval, prolonga-
tion of the ST segment, and a slight depression of the T wave
(Fig. 2B). The next higher doses produced a further increase in
PR and RR intervals, with further depression of the T wave (Fig.
2C). Higher doses produced an increase in the PR interval, an in-
crease in the RR interval, prolongation of the ST segment, and an
inversion of the T wave (Fig. 2D). With the highest (lethal) doses,
atrial-ventricular function was preserved in its proper sequence,
although there was pronounced bradycardia and marked prolon-
gation of the PR interval and ST segment (Fig. 2E). There was a
suggestion of some electrical instability following these two high-
est doses, but it did not appear to be well-organized flutter or fi-
brillation (Figs. 2D and 2E).

Type Il Compound—The lower doses produced a depression of
the P wave, an increase in the PR interval, and a decrease in the
amplitude of the R and T waves (Fig. 3B). The next higher dose
produced a marked distortion of the electrocardiogram; the P
wave was small and the ST segment was prolonged. The T wave
appeared enlarged, upright, and “‘domed” in the first, third, and
fiftth cycles (Fig. 3C), while it was biphasic in the second and
fourth cycles shown. With larger doses, there was a complete dis-
sociation of the P waves from the QRS-T complexes (complete
heart block), with the atrial rate approximately three times the
ventricular rate (Fig. 3D). With the highest (lethal) dose, electro-
cardiographic abnormalities may be noted along with superim-
posed skeletal muscular contractions (Fig. 3E).
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Figure 3—Typical electrocardiographic changes produced by
Type III methacrylate compound. For key, see Fig. 1.

Thus, the electrocardiographic changes may be summarized as
follows. Type 1 compounds showed a dose-related response in
which there is bradycardia, a reduced rate of impulse transmis-
sion through the A-V node (increased PR interval), and possible
acute cardiac ischemia. Higher doses produced premature ven-
tricular contractions and incomplete A-V block.

The methacrylate esters with Type II action produced brady-
cardia, as well as a marked effect upon ventricular repolarization.
As the dosage was increased, the T wave was reduced and then
became inverted or biphasic with a considerable increase in the
ST segment; the PR interval also became prolonged.

Dimethylaminoethyl methacrylate, the only Type III compound
in this series, produced bradycardia, apparently also of sinus ori-
gin; as the dose was increased, abnormalities of the T wave were
observed. In the next higher dose (Fig. 3D), complete A-V block
was noted.

Administering suspensions by the intravenous route logically
poses a question of whether the observed effects on blood pres-
sure, heart rate, and the electrocardiogram are due to an intrinsic
action of the compound injected or, secondarily, from physical
blockage of small vessels by the suspension. The data obtained in
this study suggest that the observed effects are due to the former
and not to physical blockage of the coronary or other circulatory
systems. Lauryl methacrylate was the least potent of these com-
pounds in producing changes in these parameters; at the same
time, it was the least water soluble and was injected in the larg-
est quantities. Thus, if the effects were of a physical nature, this
compound should have produced the greatest changes in these
parameters. ’

Several authors (7, 11-14) reported cases of an abrupt fall in
blood pressure in their patients immediately after the use of a
bone cement containing methyl methacrylate monomer. Some
authors (7, 11, 17) encountered cardiac arrest in a few patients.
Homsy et al. (8) reported hypotensive effects of methyl metha-
crylate monomer (a member of the Type I series) when adminis-
tered to dogs; however, they did not mention a secondary rise in
pressure. Their figure depicting the blood pressure response of the
dog to the monomer covered only the first 2 min postinjection.



during which we, too, observed only a hypotensive (initial) re-
sponse to the monomer. In addition, a secondary rise in blood
pressure, above control values, which occurred a few minutes
after injection of the methacrylate, was observed in the present
study.

Powell et al. (11) suggested that the hypotensive effect may re-
sult from a vasodilatory action of the methacrylate. In a previous
study on the isolated guinea pig ileum (10}, these methacrylates
(Types I and II) induced relaxation of the smooth muscle of the
intestine; thus Powell’s postulate that such an effect may also be
‘produced on the smooth musculature of the vascular system
would not be inconsistent with the reported effects of these meth-
acrylate monomers upon intestinal smooth muscle.
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Direct Estimation of Hexadecyltrimethylammonium-
TIon Adsorption at Liquid Interfaces by a
Radioisotope Technique I: Specific Ion Effects at

Air-Water Interface

JAY WEISS*, GEORGE ZOGRAFI*, and ANTHONY P. SIMONELLI}

Abstract 0 The adsorption of the surfactant 14C-hexadecyltri-
methylammonium ion at the air-water interface was measured
directly by detecting radioactivity emitted by adsorbed mole-
cules. This was accomplished by placing a gas flow detector above
the surface containing surfactant of known specific activity. Ad-
sorption in the presence of potassium halide ions was found to
change in the order bromide > chloride > fluoride, indicating
specific ion interactions at the surface. Tetraalkylammonium ha-
lides produced the same order of effect for halide ions, but an in-
hibitory effect on adsorption was noted with increasing alkyl
chain length. This effect appears to be related to their salting-in
properties. Large hydrophobic anions, such as some alkyl- and ar-
ylsulfonates, produce two effects, depending on the concentration
of surfactant and sulfonate. Ion association at the surface occurs

at low sulfonate concentrations, whereas at higher sulfonate con-
centrations the ion association in bulk solution occurs, leading to
less adsorption.

Keyphrases 00 Hexadecyltrimethylammonium ion, adsorption—
radioisotope technique for direct estimation at air-water inter-
face, specific ion effects 00 Surfactants, adsorption—radioisotope
technique for direct estimation of hexadecyltrimethylammonium
ion at air-water interface, specific ion effects O Adsorption—radio-
isotope technique for direct estimation of hexadecyltrimethylam-
monium ion at air-water interface, specific ion effects 00 Radiola-
beling—used to measure hexadecyltrimethylammonium-ion ad-
sorption at air-water interface

In recent years it has become increasingly appar-
ent that the therapeutic potency of many drug mole-
cules is related to their hydrophobic behavior or
their tendency to leave an aqueous environment for
one that is more nonpolar (1). At the molecular
level, a number of processes may be responsible for
this behavior. For example, (a) the drug may inter-
act with a specific receptor or enzyme with a consid-

erable contribution from hydrophobic interactions;
(b) a rate-limiting barrier to the site of action may
exist which is lipoidal and hence more limiting to
less lipoidal molecules; and (c) there may be an in-
teraction of the drug directly with biological mem-
branes, causing a change in membrane permeability
either by direct interaction with membrane mole-
cules or by an indirect effect due to competition or
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