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ed plants from day 30 onwards correlated with the infection 
of the root system. Histochemical study suggested that the 
higher amounts of phenol in mycorrhizal plants might be 
due to deposition of phenols in the fungal structures. 
Arbuscules, and inter- and intraceUular hyphae showed 
deeply stained phenol deposition compared to cortical cells 
devoid of the fungus (fig., a, b). 
Working with tomato, Dehne and Sch6nbeck 7 also found 
that mycorrhizal plants contained higher amounts of 
phenol compared to uninoculated plants. Initial increase in 
phenol in mycorrhizal plants is probably due to an incom- 
patible reaction of the host plant to the invading fungus. 

Similar situations exist when pathogenic fungi invade host 
plants 14. Some workers have correlated the presence of 
phenolics in plants with resistance to pathogens t5. Mycor- 
rhizal inoculation is known to impart resistance to the host 
against disease 16. Another study conducted by us indicated 
that the concentration of O - D  phenol present in mycor- 
rhizal roots inhibited in vitro growth of the root pathogen, 
Selerotium rolfsii 17. The reduction in dry weight of myce- 
lium grown in potato dextrose broth for 15 days was 27%. 
Thus, it seems that the higher amount of phenols might be 
one of the factors responsible for increased disease resis- 
tance found in mycorrhizal plants. 

1 Present address: International Crops Research Institute for the 
Semi-Arid Tropics, Patancheru 502324, Andhra Pradesh, In- 
dia. 

2 Safir, G., M. S. Thesis, University of Illinois, Urbana, Ill. 1968. 
3 Cooper, K. M., and Losel, D. M., New Phytol. 80 (1978) 143. 
4 Nagy, S., Nordby, H.E., and Nemec, S., New Phytol. 85 (1980) 

377. 
5 Baltrnschat, H., and Sch6nbeck, F., Phytopath. Z. 74 (1972) 

172. 
6 Ho, I., Lloydia 40 (1977) 476. 
7 Dehne, H.W., and Sch6nbeck, F., Phytopath. Z. 95 (1979) 210. 
8 Radhakrishnan, A.N., Vaidynathan, C.S., and Giri, K.V., J. 

Indian Inst. Sci. 37 (1955) 178. 
9 Bray, H.G., and Thorpe, W.Y., in: Methods of Biochemical 

analysis, p.27. Ed. D. Glink. Interscience Publishing Inc., New 
York 1954. 

10 Johnson, G., and Schaal, L.A., Science 115 (1952) 627. 
11 Phillips, J.M., and Hayman, D.S., Trans. Br. mycol. Soc. 55 

(1970) 158. 
12 Feder, N., and O'Brien, T.P., Am. J. Bot. 55(1968) 123. 
13 Ling-Lee, M., Chilvers, G.A., and Ashford, A.E., New Phytol. 

78 (1977) 313. 
14 Ku6, J., A. Rev. Phytopath. 10 (1972) 207. 
15 Bhatia, I.S., Uppal, D.S., and Bajaj, K.L., Indian Phytopath. 

25 (1972) 231. 
16 Sch6nbeck, F., in: Soil-borne Plant Pathogens, p.271. Ed. 

B. Schippers and W. Gains. Academic Press, New York 1979. 
17 Krishna, K.R., and Bagyaraj, D.J., Can. J. Bot. 61 (1983) 2349. 

0014-4754/84/010085-0251.50 + 0.20/0 
�9 Birkh/iuser Verlag Basel, 1984 

D e v e l o p m e n t  o f  a n e w  t a c h y k i n i n  a n t a g o n i s t  

R. Mathison, P. Stofer, F. Barja and H. Immer 1 

Department of  Animal Biology, University of  Geneva, 22 Bd. des Philosophes, CH-1205 Geneva (Switzerland), and Bachem 
Feinchemikalien AG, CH-4416 Bubendorf (Switzerland), 4 February 1983 

Summary. The mouse urinary bladder possesses a taehykinin receptor which responds to kassinm and eledoisin, but not to 
some other tachykinins. The action of kassinin, but not that of eledoisin, was blocked in a surmountable manner by a new 
tachykinin antagonist, D-Pro 4, Val 8, D-Trp 7'9' l0 (Sp)4-11. 

Within the last 18 months several substance P (SP) anta- 
gonists have been described 2 4. Although these compounds 
effectively antagonize SP action on a variety of tissues, 
several problems are associated with their use; they gener- 
ally exhibit low pA2-values, some exert agonistic actions 5'6, 
an unsurmountable rather than a surmountable inhibition 
may be observed and they do not antagonize the actions of 
SP and some other tachykinins on all tissues. 
In the present study we have attempted to develop an 
antagonist for a tachykinin receptor that is highly selective 
for 2 members of the tachykinin family of peptides: eledoi- 
sin (ED) and kassinin (KA). Although there are many 
structural differences between these 2 peptides and SP 
(table), we chose to modify position 8 of the antagonist 

D-Pro 4, D-Trp 7'9'1~ (SP) 4-11, recently described by Mizra- 
hi and coworkers g. KA and ED have nonpolar amino acids 
in position 8; valine and isoleucine, respectively, whereas 
SP has an aromatic residue, phenylalanine, in this position. 
The antagonistic properties of these compounds are due to 
a collection of D-enantomiers at positions 7, 9 and 10, with 
the amino acid in position 8 being important for binding to 
the receptor 7. 
Material and methods. The actions of the tachykinins, in the 
presence and the absence of tachykinin antagonists, were 
tested on strips (2x 10 ram) of the mouse urinary bladder 
(Swiss White strain). The tissues were suspended in an 85 gl 
tissue bath s and superfused with oxygenated Krebs solution 
of the following composition (raM): NaC1 118.7, KC1 4.7, 

Structures of several tachykinins and 2 tachykinin antagonists 
1 2 3 4 5 6 7 8 9 10 11 

Substance P Arg- Pro- Lys- Pro- Gln- Gln- Phe- Phe- Gly- Leu- 
Physalaemin Glp-* Ala- Asp- Pro- Asn- Lys- Phe- Tyr- Gly- Leu- 
Eledoisin Glp- Pro- Ser- Lys- Asp- Ala- Phe- lle- Gly- Leu- 
Kassinin Asp- Val- Pro- Lys- Ser- Asp- Gln- Phe- Val- Gly- Leu- 
Compound I pro-** Gln- Gln- trp- Phe- trp- trp- 
Compound II pro- GIn- Gln- trp- Val- trp- trp- 

Met-NH 2 
Met-NH 2 
Met-NH 2 
Met-NH 2 
Met-NH 2 
Met-NH z 

* Glp, pyroglutamic acid; ** D-amino acids are written entirely in small letters. 
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Figure l. Substance P (SP)-induced contractions of the mouse 
urinary bladder fade off rapidly (lst contraction) and the SP 
receptor apparently desensitizes since a subsequent addition of the 
peptide produces a smaller contractile response (2nd contraction). 
Receptor desensitization is then nearly complete as a subsequent 
addition of SP, after 90 rain of continuous washout, produces a 
very small contraction. 
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Figure 2. Kassinin produces a strong contraction of the mouse 
urinary bladder which requires many minutes to regain the baseline 
even with continuous washout. Two tachykinin antagonists, 
D-Pro m , D-Trp 7,9'1~ (SP) 4 11 (CPD l), and D-Pro 4, Val 8, 
D,Trp9, ]0,11 (SP) 4-11 (CPD II), antagonize the kassinin-induced 
increase in myogenic activity. 

CaCI 2 2.8, KH2PO 4 1.2, N a H C O  3 15.5, MgCI 2 1.2, glu- 
cose 10.1. The physiological solution was bubbled with 95% 
02-5% CO 2 and maintained at 35 ~ All peptides were 
prepared from stock solutions of  1 m g / m l  in 0.25% acetic 
acid and were superfused onto the bladder strips at their 
final concentration. Antagonists were superfused onto the 
tissues for at least 10 min prior to testing an agonist. The 
changes in tension were measured isometrically (Grass 
FT.03C transducers) and the amplified signals were inte- 
grated electronically. The integrated force of  the 2rid min 
of  a drug-induced contraction was used to construct dose- 
response curves. From the dose-response curves, obtained 
in the presence and absence of  the antagonist, dose-ratios 
were calculated. 
Results and discussion. The mouse urinary bladder respond- 
ed in a rapid, but rapidly fading manner  to SP (fig. 1) and 
physalaemin (PH). Upon  addition of  one of  these tachyki- 
nins at a concentration of  7.4x 10 8 M, the contractile 
response returned to the baseline within 1 min and the 
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Figure 3. Dose-response curves for kassinin alone (11-----~) on the 
mouse urinary bladder, and kassinin in the presence of 2 tachyki- 
nin antagonists: D-Pro m, D-Trp 7,9,10 (SP) 4 11) (~I~----~), and 
D-Pro m, Val 8, D-Trp 7, 9,10 (SP) 4-11 ( O ~  ). 

tissues remained unresponsive for up to 4 h to both SP and 
PH. In contrast, repetitive non-fading responses to KA and 
ED were obtained, The pD2-values were 6.94 4-0.06 for KA 
and 6.64_+0.07 for ED. The actions of  these 2 tachykinins 
were examined in the presence of  2 tachykinin antagonists 
(10 6 M); the D-Pro 4, D-Trp 7'9'1~ (SP) 4-11 (compound l) 
and D-Pro m Val 8 D-Trp 7'9't~ (SP)4-11  (compound II; see 
the table). The dose-response curves to ED were not 
modified by these 2 antagonists; dose-ratios were 
1.46_+0.15 and 1.56_+0.22 for compounds I and II, respec- 
tively. The contractions induced by KA, however, were 
markedly attenuated by both antagonists (fig. 2). The inhi- 
bition due to compound l was of  the unsurmountable type, 
whereas the dose-response curve to KA in the presence of  
compound II was displaced to the right (pA2-6 .29+0 .08 ;  
see fig. 3). The efficacy of  KA, however, was not modified 
by compound II. 
Lee and coworkers 9 have suggested that SP receptors be 
subdivided into 2 subtypes: the 'SP-P'  for substance P and 
physalaemin and the 'SP-E'  for substance P and eledoisin. 
A tissue possessing the 'SP-P'  receptor subtype would have 
an order of  potency to the tachykinins of  
PH ~ SP > ED ~ KA, and the 'SP-E'  receptor a rank order 
of  ED ~ KA > PH ~ SP. The mouse urinary bladder would 
appear  to possess a predominant  'SP-E'  receptor, but a 2nd 
tachykinin receptor, which exhibits a tachyphylactic re- 
sponse to SP and PH may exist. The guinea-pig urinary 
bladder is also thought to possess these 2 types of  tachyki- 
nin receptors I~ 
Although an antagonist which effectively antagonizes both 
ED and KA remains to be described, the present study 
suggests that appropriate amino acid substitutions in the 
recently described SP antagonists may result in compounds  
with potent and selective antagonistic actions on the ' SP -E '  
receptor. 
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Summary. Bromocriptine treatment of adult male rats resulted in a decrease in testicular testosterone (T) content and a 
reduction in plasma T levels. This was accompanied by increase in testicular total lipids and cholesterol and depletion of 
testicular phospholipids. 

Administration of bromocriptine (CB-154), a dopaminergic 
agonist capable of suppressing prolactin (PRL) synthesis 
and release from pituitary acidophil cells, effectively 
decreases peripheral PRL levels in almost all species thus 
far investigated2'3�9 In rats, bromocriptine also influences the 
release of other gonadotropins 4 and a decreasing trend in 
peripheral testosterone (T) levels was observed in rats and 
mice injected with either CB-154 or with ergot alkaloids 
having similar biological activity 5. Suppression of plasma T 
levels in these experiments could probably be explained by 
the CB-154-induced inhibition of PRL release~ 
CB-154 appears to exert direct effects on Leydig cell 
function as well. Addition of CB-154 to the incubation 
media has been shown to inhibit T production by rat 
testicular cells in vitro 7, while lower concentrations of 
CB-154 stimulate basal T production by decapsulated 
mouse testes in vitro 8. 
The mechanism(s) of bromocriptine action on testicular 
steroidogenesis remains to be elucidated; therefore, it was 
of interest to investigate the effects of bromocriptine injec- 
tions on testicular lipid fractions, which include precursors 
for steroidogenesis. 
Intact adult male Wistar rats (325_+ 10 g b.wt, 75 days of 
age) were purchased from Charles River Breeding Labora- 
tories and maintained in a room with controlled illumina- 
tion (14 h L: 10 h D) and temperature 24+_2~ with free 
access to food and water�9 Six rats received daily s.c. 
injections of CB-154 (Sandoz Pharmaceuticals, East 
Hanover, NJ; 1.0 mg in 0.1 ml sesame oil), while 6 rats 
received vehicle only. 24 h after the last injection, the 
animals were decapitated while under light ether anesthe- 
sia, and trunk blood was collected for plasma hormone 
assay, The testes were immediately removed, snap frozen 
and kept at - 70~  until further biochemical analysis. 
Epididymides, seminal vesicles and ventral prostates were 
removed and weighed�9 Plasma levels of LH, FSH, PRL and 
T and testicular levels of T were measured by radioimmu- 
noassays described previously 8,9. Testicular total lipids were 

�9 1 0  extracted into Folch medium and estimated color• 
cally according to the method of Frings et al. n. Phospholi- 
pids in the testis were estimated by the method described 
previously n, by measuring the liberated inorganic 
phosphorus colorimetricallyll Free and ester• choles- 
terol concentrations were estimated color• after 
chromatographic separation of these 2 fractions ~4. 

In CB-154-treated animals, plasma PRL levels were sup- 
pressed to negligible values (table 1) in agreement with 

239 earlier obse rva t ions ' ' .  Testicular weight seemed slightly 
reduced and plasma LH and FSH levels elevated, but these 
apparent differences were not statistically significant. The 
concentration of T in plasma and testes as well as the total 
testicular T content was significantly reduced in CB-154- 
injected rats (tables 1 and 2). The concentration and 
content of testicular phospholipids were decreased in the 
animals receiving CB-154 (table 2), while total lipid content 
of the testes and testicular cholesterol ester levels were 
increased with no alteration in free cholesterol. A signifi- 
cant reduction in plasma T levels and an apparent increase 
in plasma LH levels in the present study are reminiscent of 
the results of Boyns et al. 4 who reported a significant 
increase in plasma LH levels with simultaneous decrease in 
plasma T in bromocriptine-treated rats. The reduction in 
peripheral and testicular T levels probably resulted from 
PRL deficiency, since PRL increases the number of testicu- 
lar LH receptors and potentiates LH action on the testis 6'~5. 
In this context, it is interesting to note the changes in 
testicular precursors of steroidogenesis after bromocriptine 
treatment�9 In hypophysectomized animals, combined deft- 
ciency of PRL and gonadotropins is accompanied by ae- 

�9 " 1 6 . 1 7  cumulation of lipids in semmlferous tubules ' and altera- 
tions in testicular phopholipids is. In animals with isolated 
PRL deficiency in the present study, accumulation of 
cholesterol esters suggests that the activity of enzymes 
involved in the conversion of esterified cholesterol to T was 
inhibited. This could have been due to either direct effects 
of bromocriptine on the testes or to inhibition of PRL 
release with consequent reduction in the responsiveness of 
the testis to LH. 

Table 1. Effects of bromocriptine (CB-154) injections on plasma prolac- 
tin (PRL), gonadotropin and testosterone (T) levels in mature male rats 
(means • SD) 
Hormone CB- 154-treated Control Difference 
(ng/ml) (6) (6) (%) 
PRL 1.0 • 0.2 49.0 • 8.7 - 98* 
T 2.98 • 1.10 4.75 4- 0.97 - 37** 
FSH 263 • 84 231 • 53 + 14 
LH 17 • 12 12 • 4 + 40 
*Significant at 0.1% level; **significant at 1% level. 


