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Respotts~.s IO Ascaris unrigen \ccre cJ\-aluuted in rhesus und c~nomolgrts monkeys. Of IV 

c:\nomolgus monkeys lested, 15 were found to hove cutaneous reuctivit~ to Ascaris: I3 of thcw 
rc)sponded IO Ascaris arrosols with changes in respiratw:\ fLnction including un increosu 111 
wspiration rate, decrease in tidul volume and peak c).rpirutor! fio~. rule. dwreuse in dwumic. 
wmpliunce, und an increase in resistance. Four of the six rhesus monkeys studied with 
cutaneous reactivity to Ascaris responded to Ascaris aerosols: the changes in respirator> 
frtnction ohscwed after the Ascaris challenge in these monkeys werr similur to those ohserwd M 
the c~nomolgns monkeys. Responses to repetitive Ascaris challenges \r,ere obtained in monkq\.t 
of both species with u recwver? period of 30 to 60 min henvren chullenges. In monkqs c!f’ both 
species thut rwcted to Ascaris aerosols, blood pressurc~ tws clewted trunsiently: chungc~ in 
hetrrr rutr n’ere writrblc>. Chunges in cardiovusculur meusurements \rwe not observed in 
monkeys that did not respond to Ascaris aerosols. Thus, it appears that the qnomolgrrs monkc\ 
responds to an acw& Ascaris challenge in u munner similcrr to thcj rhesus monkey trnd i., (111 
trddirionul suituble model for the study of allargic respirutory rcsponscs. 

In an attempt to characterize the mechanisms in- 
volv2d in human asthma, various animal models have 
beeo employed. ‘--I In one type of human asthma, an 
asthmatic attack is provoked by antigen inhalation, 
and the antigen then reacts with reaginic antibodies 
fixeti to lung mast cells with subsequent mediator 
release and bronchoconstriction. The presence of 
reagm-like antibodies in animals immune to helminth 
parasites is well known and has been studied in rats 
infeLted with Nippostrongylus brasiliensis, s. 6 rabbits 
infected with Toxocara, Toxascaris, and Ascaris, 7 
and monkeys infected with Ascaris.*s 3 In all cases, 
the reaginic antibody appears to be stimulated by only 
a liiing infection, and immunity persists for a long 
perird of time. In the rhesus monkey (Macaca 
muhrra), the changes in ventilatory function after an 
Ascoris challenge, i.e., an increase in lung resistance 
and an apparent narrowing of central and peripheral 
airways, have been shown to be similar to those oc- 
curring in human asthma.8 Furthermore, the induced 
responses are reproducible over an extended length of 
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time,“. “’ and responses to two chailenges of Ascot-is 
in the same experimental period can be obtained.” 
thus constituting an in vivo test system for reagin- 
mediated respiratory responses.12 However, a major 
limitation of this model is that aimals with respira- 
tory reactivity to Ascaris constitute only a small por- 
tion of unselected animals, estimated at less than 
5%. I2 The purpose of the present study was to inves- 
tigate the reactivity of another species of monkey, the 
cynomolgus monkey (Macaw fasciculuris), to As- 
caris antigen and to compare respiratory responses to 
Ascaris in rhesus and cynomolgus monkeys. 

MAl’ERiAU AND METMW@ 
Animals 

Male and female cynomolgus (Mtrcucu jiwicctluris) and 

rhesus (h4ucucu mulatra) monkeys obtained from Primate 
Imports were used in these studies. They were in good 

health. free of parasite infestation, and all had negative tests 
to tukrculoprotein. 

Axaris antigen 

An extract of pig Ascuris (Asc) was obtained from Greer 
Laboratories (Lenoir, N. C.) containing 14WXKJ to 1!34,000 
PNlJiml in Coca’s solution (NaCl 5.0 gm/L; NaHCO,, 5.4 
gm/L: phenol 4.0 gm/L). Dilutions were made in sterile 
water for aerosol challenges and were prepared freshly 
every 2 wk. 
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TABLE I. Baseline pulmonary function measurements in pentobarbital-anesthetized rhesus and 
cynomolgus monkeys 

Monkey 

Type Sex 
Weight 

(kg) 

f PEFR Rf CDVN 

(per min) (ml/sac) (cm H,O/LPS) (ml/cm H,O) 

Rhesus Male (3) 9.2 t 1.1 25.4 t 5.2 116.6 -c 11.6 56.8 t 4.2 16.7 k 0.4 37.6 k 7.4 
Rhesus Female (4) 5.4 2 1.2 23.0 i 2.6 65.9 t- 6.0 41.7 ‘- 3.9 33.0 t 4.2 25.2 ? 3.1 
Cynomolgus Male (15) 5.2 t 0.9 28.9 t 2.0 82.0 t- 3.6 34.6 t 2.2 23.6 -+ 1.5 20.1 ? 2.0 
Cynomolgus Female (4) 2.7 2 0.4 26.5 t 2.9 44.4 k 5.7 19.9 k 1.9 32.6 k 2.5 18.3 2 5.6 

Values are means 4 SE for the number of monkeys in parentheses. 
*Includes resistance of apparatus. 

Cutaneous testing 

Animals were anesthetized with ketamine (10 mg/kg in- 
tramuscularly), and a volume of 0.5 ml/kg of a 2% 
coomassie blue (Imperial Chemical Industries, Ltd., En- 
gland) or a 0.5% Evans blue (Eastman Kodak Co., Roches- 
ter, N. Y.) dye solution was injected intravenously a few 
minutes before skin tests were conducted. One-tenth- 
milliliter volumes of sterile 0.45% saline, 1: 10 dilution of 
Coca’s solution, and serial tenfold dilutions (in saline) of 
Asc ranging from 1: 10 to I : 100,000 were injected intra- 
dermally. In some animals additional skin tests using 
0.0001% to 1 .O% ovalbumin (OV) were performed to check 
for reactivity to another protein. Responses were recorded 
as follows: S, strong response (large, intense blue wheal); 
W, weak response (small, light blue wheal); and N, nega- 
tive response (no bluing observed). 

Lung and cardiovascular function recording 

Monkeys were anesthetized with sodium pentobarbital 
either intramuscularly or intravenously and an endotracheal 
tube (i.d. 4.5 to 5.5 mm, length 22 to 23 cm including 
connector, Willy Riisch, GmbH and Co. KG, West Ger- 
many) was inserted a few centimeters into the trachea. A 
heated Fleisch size 00 pneumotachograph (Dynasciences 
Medical Products, Blue Bell, Pa.) connected to a Validyne 
differential pressure transducer (?20 cm H20, Validyne 
Engineering Corp., Northridge, Calif.) was used to measure 
respiratory flow. For the measurement of transpulmonary 
pressure, a latex balloon (2 x 10 x 150 mm, Dyna- 
sciences Medical Products) was inserted in the esophagus to 
the level of the nipple line and connected with polyethylene 
tubing to one end of a Validyne differential pressure trans- 
ducer (?2 cm H,O) with the other end open to the atmo- 
sphere. A Buxco Model 6 Pulmonary Mechanics Computer 
(Buxco Electronics Inc., Sharon, Conn.) was used to com- 
pute dynamic compliance (C,,,) and resistance (Rr) from 
the input signals of flow (V) and transpulmonary pressure 
(P,.). In computing RL, the resistance of the entire apparatus 
was included, which was 12 cm H,O/LPS at 0.083 LPS 
using a 5.0-mm (i.d.) endotracheal tube. Tidal volume (Vr) 
was calculated by integrating the V signal. Needle elec- 
trodes were inserted subcutaneously in the upper right arm, 
lower left leg, and chest for the measurement of a lead II 
electrocardiogram (ECG). In some experiments, a blood 
pressure (BP) measurement was obtained by short-term ar- 
terial catheterization of the tibia1 artery using a 20-gauge 

Abbocath-T catheter (Abbott Hospital Products, Chicago) 
connected by tubing to a Statham pressure transducer 
(Model P23lD). Measurements of V, PL, V,, Cdyn, Rr, BP, 
respiration rate (f), and the lead II ECG were continuously 
recorded on a Gould Brush 480 recorder (Gould Inc., ln- 
strument Systems Div., Cleveland, Ohio). Calculated val- 
ues from the pulmonary computer for peak expiratory flow 
rate (PEFR), PL, Vr, Cdun, R,,, systolic blood pressure 
(SBP), diastolic blood pressure (DBP), mean blood pres- 
sure, and heart rate (HR), were converted to digital signals 
by a DL-12 data logger (Buxco Electronics, Inc.) and then 
printed on a Texas Instruments teleprinter. Baseline pulmo- 
nary measurements for the animals used in these studies are 
shown in Table 1. 

Aerosol challenges 

Aerosols containing Asc were generated using a DeVil- 
biss 35B nebulizer (The DeVilbiss Co., Somerset, Pa.) and 
delivered to the animal directly through the endotracheal 
tube while the animal was breathing normally. A 1: 5 dilu- 
tion of Asc was initially administered to animals for a max- 
imum of 5 min to determine if a respiratory response to Asc 
could be elicited. An animal was considered a positive re- 
spiratory responder if at least a 75% increase in f and a 25% 
decrease in VT were observed after the Asc challenge. Ani- 
mals in which a respiratory response was not evident within 
30 min after a 5-min Asc exposure were considered negative 
responders. If an animal began to react during the Asc expo- 
sure, the aerosol was stopped. In other experiments, re- 
peated brief challenges using lower concentrations of Asc 
(1: 10 or 1: 20 dilution of Asc) were administered to some 
animals to determine if more than one response could be 
induced in the same experimental period, and if these re- 
sponses were of similar magnitude. The concentration of 
Asc used for each animal in these studies was determined to 
induce changes in respiratory measurements that would re- 
turn close to baseline values within to 30 to 60 min. A 3-wk 
interval was allowed before repeating an experiment with 
the same animal. 

RESULTS 
Cutaneous reactivity to Asc 

Of the 19 cynomolgus monkeys tested for skin 
reactivity to Asc, 74% (15/ 19) demonstrated strong 
cutaneous responses to Asc (Table II). For compara- 
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TABlE II. Skin and respiratory reactivity to Ascaris antigen in cynomolgus and rhesus monkeys 

Animal 1:lO 1:loo 

Skin mutivity* 
FtB 

l:l,ooo 1: 10,ow 1: 100,ow -t 

N 
N 
K 
w 

S 
S 
s 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
s 

N 
N 
N 
W 

S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 

N 
S 
W 
W 
W 
S 
S 

Cynomolgus 
N 
N 
N 
W 
S 
S 
N 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 

Rhesus 

N 
S 
W 
W 
W 

S 
S 

N 
N 
N 
N 
W 

S 
N 
W 
W 
W 
W 
w 
W 

s 
S 
S 
S 
S 
S 

N 
S 
W 
W 
W 
S 
S 

N Nqatrve 
N Negative 
N Nepatlre 
N Negative 
N Negative 
W Negative 
N PoGtivc 
W P~lGtive 
N PoGtive 
N PoGtive 
N Poritive 
N PoGtivr 
W Posit IVY 
W Pc)Gtive 
W PGtive 
W Po\itt\;e 
W P’oGtive 
s Po\itivc 
S PcGtlvr 

N 
S 
W 
W 
W 

S 
S 

.Nepatwe 
Negative 
Positive 
Positive 
Positive 
Positive 
Pohitlve 

*Cutaneous reaction to dilutions of the Ascaris antigen extract containing 140.000 10 IW.000 PNU/ml. Reactions were scored as fnllows: 
S: strong response; W: weak response; N: no response. 

tSec ,ext for explanation of negative and positive respiratory reactivity. 

tive purposes, results of skin tests using six rhesus 
monkeys that had been previously determined to have 
skin reactivity to Asc (B through G) and one (A) that 
was shown to be nonreactive are also shown in Table 
II. No monkey of either species reacted to saline or 
Coca’s soiution. In most animals, cutaneous reactiv- 
ity was indicative of respiratory reactivity to Asc, 
although two cynomolgus monkeys (E and F) and one 
rheolls monkey (B) with strong cutaneous reactivity 
did aot respond to Asc aerosols. No monkey of either 
speares with negative skin reactivity displayed respi- 
ratory reactivity to Asc. 

In the animals tested for skin reactivity to Asc, a 
we& response to OV was observed only with an in- 
tradermal injection of 1.0% OV; tenfold lower con- 
cemions of OV did not evoke skin responses. No 
respiratory response was observed when these mon- 
keys (including one with strong respiratory reactivity 
to .4sc) were administered an aerosol containing 2 
mglml OV for 4 min. 

Changa6 in ms#mWry 4uwtbn 

All monkeys were first admmd aerosols of 
water and a 1: 5 dilution of Coca’s solution for 5 min 
to test for a nonspecific reaction to the aerosol. No 
monkey reacted in a manner indieafive of respiratory 
irritation after administration of these aerosols. 

Figs. 1 and 2 depict the effects of an aerosol of a 
1: 5 dilution of Asc given for 5 min to two mook@ys 
with negative cutaneous reactivity w ASC. RCS~OIWS 
were measured for 25 min. In WI monkeys, chws 
from baseline respirrtory xneqwments wext no 
greater than those normally obtwzwxi after adminis- 
tration of a water aerosol. Mosteys with negative 
cutaneous responses to Asc wen7 (389 tested 3 wk later 
with Asc aerosois to determine if ,reqiratory dv- 
ity would be induced; however, all of these monkeys 
remained consistently negative. 

Typical responses to I-min cht&enge with a I : 10 
dilution of Asc in Asc-sensitive rhesus (D, E) and 
cynomolgus (L, N) monkeys are shown in Fig. 3. In 
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FIG. 1. Respiratory responses to Asc in a rhesus monkey (A) with negative cutaneous reactivity to 
Asc. Time 0 is the end of administration of an aerosol containing a 1 : 5 dilution of Asc for 5 min. 
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FIG. 2. Respiratory responses to Asc in a cynomolgus monkey (C) with negative cutaneous 
reactivity to Asc. Time 0 is the end of administration of an aerosol containing a 1 : 5 dilution of 
Asc for 5 min. 

all four monkeys, responses were rapid in onset, usu- 
ally occurring within 1 to 5 min after the start of the 
aerosol. After the Asc challenge, f increased nearly 
100% to 250% from control values, VT decreased 
40% to 60%, and PEFR decreased 20% to 50% in 
these monkeys. The maximum percentage decrease 
from control values of C,,, ranged from 30% to 60%. 
Changes in-R, following the Asc challenge were vari- 
able, ranging from only an 8% increase in rhesus 
monkey D to nearly a 50% increase in cynomolgus 
monkey N. Although the magnitude of the Asc- 
induced changes in respiratory function differs among 
animals, the general pattern of changes is similar in 
both species. 

Responses to a few brief (l- or 2-min) repetitive 

Asc challenges with a recovery period of 30 to 60 min 
between challenges were obtained. Figs. 4 and 5 de- 
pict the results of repetitive Asc challenges in a rhesus 
(F, Fig. 4) and a cynomolgus (P, Fig. 5) monkey. 
Three challenges of Asc were administered to these 
monkeys. As can be seen, the response to the initial 
challenge of Asc was greater in magnitude than to 
subsequent challenges. The diminished response to a 
subsequent challenge of Asc was observed in all of 
the rhesus monkeys in which repeated challenges of 
Asc were administered (D, F, and G) and some of the 
cynomolgus monkeys (H, L, and S). In a few 
cynomolgus monkeys (G, K, and Q) a larger increase 
in f from baseline values was observed after the sec- 
ond challenge of Asc than after the first. 
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FIG. 3. Respiratory responses to Asc in Asc-sensitive rhesus (0, E) and cynomolgus (L, N) 
monkeys. The Asc challenge was 1 min in duration with a 1 : 10 dilution of Asc. 

Chmgm in c8dk~v#cular function 

Measurements of HR, SBP, and DBP before and 
after an Asc challenge in rhesus and cynornolgus 
monkeys that responded to Asc are shown in Table 
III. In all animals, BP was elevated after an Asc 
aerorrol, although changes in HR were variable. These 
mer~urements usually returned to control levels 
withrn 1 hr after the Asc administration. The peak 
effects on HR, SBP, and DBP were observed at ap- 
proximately the same time as were the peak effects on 
re@atory measurements. In monkeys that did not 
respend to an Asc challenge, cardiovascular mea- 
sun?soents were not affected after the Asc challenge. 
No abnormalities in the ECG pattern were observed 

after Asc administration in monkeys with positive or 
no responses to Asc. 

The rhesus and cynomolgus monkey are closely 
related species of the genus A4acaca. FM&more, 
pulmonary parameters, respiratory blood gas, and pH 
values in the cynomolgus and rhesus monkey have 
been shown to be similar.‘3-‘s The Asccu+sensitive 
rhesus monkey that gives persistent and rqmodocible 
respiratory responsiveness to Asc has heen considered 
to be the closest analog in animals to human ext.&sic 
or reagin-mediated asthma.1g However, tbt paucity of 
rhesus monkeys that react to Asc aerosols has been a 
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FIG. 4. Respiratory responses to repetitive aerosol chal- FIG. 5. Respiratory responses to repetitive aerosol chal- 
lenges of a 1:20 dilution of Asc for a I-min period in lenges of a 1 :20 dilution of Asc for a 1-min period in 
rhesus monkey F. cynomolgus monkey P. 

TABLE III. Effects of Ascaris aerosol* on blood 
pressure and heart rate in rhesus and cynomolgus 
monkeys 

Controlt ASCi9kd 

BP HR BP HR 
Animal (mmHg) (beatslmin) (mmHg) (beats/min) 

D 84/38 
E 110/59 
F 76/48 
G 81/45 

G 
J 

: 
R 

102/54 
82/33 

106/60 
95/5 1 
82/34 

Rhesus 
141 108/53 
137 118/62 
116 124/64 
152 95/52 

Cynomolgus 
143 146/92 
140 137/64 
143 111/78 
150 132/70 
131 93/38 

143 
140 
115 
175 

133 
154 
189 
161 
157 

*AX aerosol challenges were 1 to 5 min in duration with a 1: 5 
or 1: 10 dilution of Asc. 

TImmediately before Asc challenge. 
*Maximal response after Asc, usually occurring within 10 min 

after Ascaris administration. 

major limitation of this model.12 In the present study, 
responses to Asc were obtained in cynomolgus mon- 
keys and these results were compared with responses 
in rhesus monkeys. 

A high percentage of the cynomolgus monkeys 
tested demonstrated cutaneous reactivity to Asc, and 

200 - Respiratory Rate 
-- Resistance 
--- Dynamic Compliance 

- - Peak Expiratory Flow Rate 
-- Tidal Volume 

Ascaris 

1 

most of the monkeys with cutaneous reactivity reacted 
to Asc aerosols. However, as with rhesus monkeys,3 
there were a few cynomolgus monkeys with cutane- 
ous reactivity to Asc that lacked respiratory reactivity 
to Asc aerosols. The occurrence of animals with skin 
reactivity that did not react to Asc aerosols suggests 
that some other factor is necessary for bronchial reac- 
tivity. Furthermore, as has been reported in the rhesus 
monkey,3 no cynomolgus monkey in the present study 
with negative cutaneous reactivity to Asc reacted to 
repeated Asc aerosols. 

The molecular weight of nematode allergens, in- 
cluding ASC, has been estimated to be 10,000 to 
50,000.17 In order to test for a nonspecific reaction to 
a protein, several animals of both species were tested 
for skin and respiratory reactivity to OV (molecular 
weight 34,500 + l,OOO1s). The weak cutaneous re- 
sponses observed to 1 .O% OV were probably due to a 
local inflammatory response to the introduction of a 
high concentration of a foreign substance under the 
skin, since skin responses were not observed with 
lower concentrations. When Asc-sensitive and Asc- 
nonsensitive rhesus and cynomolgus monkeys were 
exposed to an aerosol containing 2 mg/ml OV (a con- 
centration approximately equivalent in terms of mil- 
ligrams protein/milliliter to the highest concentration 
of Asc aerosolized in the experiments reported here), 
no respiratory responses were evoked. The above re- 
sults agree with other repotts2* 3 and support the idea 
that the responses observed in the present study to Asc 
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in responding monkeys of both species were due to 
the presence of a specific immediate-type hypersen- 
sitivity to Asc. 

The changes in respiratory function observed after 
an 4sc challenge in both rhesus and cynomolgus 
monkeys were similar to those reported by others in 
the rhesus monkey. :I. “--‘I’ Is Shortly after the Asc 
challenge, f increased, and V, V,, and C,,, de- 
creased. There was either an increase or very little 
change in RL. The variability observed in RI, changes 
following Asc challenge in the cynomolgus monkeys 
in the present study has been noted by others in the 
rhesus monkey. n* w 1” In one study, a significant in- 
crease in RL was observed after an Asc challenge in 
responding rhesus monkeys in only 18 of 32 experi- 
mentsn’ In our studies, an increase in R,, of at least 
15% from baseline values was noted after an Asc 
challenge in nine of the 13 cynomolgus monkeys and 
twc: of the four rhesus monkeys that reacted to Asc 
aerosols. and this increase was reproducible in re- 
peated experiments. Since an increase in RL is desir- 
able in an animal model of asthma. the above results 
indicate that the Asc-sensitive cynomolgus monkey is 
an additional appropriate model in studies of allergic 
respiratory responses. 

1:. all of the rhesus and some of the cynomolgus 
monkeys in which responses to repetitive challenges 
of Jsc were obtained, the response to a subsequent 
chal,lenge was lesser in magnitude than the response 
to r.be first challenge. The diminished response to a 
second challenge has also been noted by others,“. ‘L’ 
especially when the concentration of the Asc aerosol 
employed was above the threshold concentration, 
i.e., the minimal concentration of Asc required to 
produce a respiratory response in responding animals. 
Whsn the threshold concentration was employed in 
repetitive Asc challenges, the second response was 
generally greater than the first.*’ In the present study, 
the :;econd response to an Asc challenge was either 
grearer than or less than the initial response when the 
same: concentration of Asc was administered to differ- 
ent cynomolgus monkeys; this may reflect the differ- 
ence in sensitivity of the various animals to Asc. 

After an Asc challenge, an increase in BP was ob- 
ser,ed in those monkeys of both species that reacted 
to .Isc aerosols, although changes in HR were vari- 
able The cause for the increase in BP is uncertain. 
Mediators such as histamine, bradykinin, and PGE2 
are !mown to produce a fall in BP, and it is likely 
SRS-A would have similar effects.** Therefore, other 
liberated substances, perhaps vasoconstrictive agents 
released into the systemic circulation, may have been 
responsible for the effects on BP observed following 
antiTen challenge in both species. 
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In summary, the results of the experiments reported 
here indicated that the Asc-sensitive cynomolgus 
monkey responds in a similar fashion to Asc-sensitive 
rhesus monkeys and may be an additional useful 
model for the study of allergic respiratory responses. 
Since it appears that a sizeable number of‘ cynomolgus 
monkeys am reactive to Asc aerosols (i.e., if our col- 
ony is indicative of the population of cynomolgus 
monkeys) the availability of sensitive animals for 
study may be greatly increased. 
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