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mated animals were of a similar order of magnitude as 
the mucolytic treated animals and since infections do 
not normally arise as a result of mating, the level of 
contamination in the drug-treated groups could not be 
considered to  be unusually high. 

The results of this study suggest that the mucolytic 
agents bromhexine hydrochloride and S-carboxy- 
methyl-L-cysteine compromise the integrity of the 
cervical mucus plug and that this is sufficient to allow 
the transmission of bacteria from the vagina into the 
uterus. If this effect also occurs in women there may be a 
variety of clinical implications. Mucolytic agents may be 
of use in the treatment of those cases of infertility which 
result from the presence of hyper-viscous, hostile 
cervical mucus. In addition, long term treatment with 
mucolytic agents may also predispose some women to 
pelvic infections due to  a breakdown in the natural 
barrier between the uterus and vagina. The results also 
indicate that although the uterus is generally accepted as 
being a sterile environment, bacteria are recovered 
from it following mating in the guinea-pig. 
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Proglumide, a cholecystokinin receptor antagonist, exacerbates 
alloxan-induced diabetes mellitus in Swiss mice 

N. S. PARMAR*. M. TARIQ, A. M. AGEEL, Research Centre, College of Pharmacy, King Suud University, P.O. Box 2457, 
Riyadh-11451, Saudi Arabia 

The effect of proglumide (( +)-4-benzamido-N,N-dipropyl- 
glutaramic acid), a gastrin and cholecystokinin receptor 
antagonist, has been studied on the fasting plasma glucose 
(FPG) and insulin levels in normal and alloxan-diabetic 
mice. In normal mice, proglumide, administered as a single 
oral dose or twice daily for five consecutive days, did not 
produce any alteration in those parameters. Injection of 
alloxan monohydrate (70 mg kg-l i.v.) produced a signifi- 
cant decrease in plasma insulin and a significant elevation of 
FPG levels on the 5th day after its administration as 
evidence of diabetes mellitus. Proglumide sodium, given as 
a single acute dose on the 5th day of alloxan injection, or as 
a twice daily dose for 5 days immediately after alloxan 
injection, significantly exacerbated the hyperglycaemia and 
further decreased the plasma insulin levels thus worsening 
the diabetogenic effect of alloxan. These observations point 
to a possible involvement of cholecystokinin (CCK) in 
alloxan-induced diabetes and indicate a need for monitor- 
ing the levels of FPG in diabetic patients being treated with 
a high dose of proglumide or other CCK-antagonists. 

Proglurnide (( +)-4-benzamido-N, N-dipropylgluta- 
ramic acid) has been shown to block gastrin receptors 
(Chiodo & Bunney 1983; Magous & Bali 1983), reduce 
gastric acid secretion (Rovati 1976), increase gastric 
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mucosal resistance (Weiss 1979) and to possess signifi- 
cant anti-ulcer activity in animals (Umetsu et  al 1980; 
Parmar 1986; Tariq et  a1 1987) and man (Galeone et  al 
1979). Niederaus et  al(l985) found it to be significantly 
effective against the caerulein-induced acute necrotiz- 
ing pancreatitis in mice. It is structurally related to the 
C-terminal tetrapeptide amide of both gastrin and 
cholecystokinin (CCK) and thus it inhibits the binding 
of 1251-labelled CCK to its receptors in the pancreatic 
acini (Hahne et al 1981; Williams et  al 1983). CCK 
stimulates insulin release from the endocrine pancreas 
(Szecowka et al 1982) and specific CCK receptors have 
been demonstrated in rat isolated pancreatic islets 
(Verspohl e t  a1 1986a). Recently, Verspohl et al 
(1986b), using fresh and cultured rat isolated islets of 
Langerhans, have shown that proglumide also produces 
a CCK-dependent inhibitory effect on insulin secretion 
in-vitro. Their data indicate that CCK antagonists 
should be monitored for a possible diabetogenic effect 
in-vivo. The present investigation was therefore under- 
taken to study the effect of proglumide on the fasting 
plasma glucose and insulin levels in normal and alloxan- 
induced diabetic mice. 
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Materials and methods 
Materials. Proglumide sodium (Lot PP  8260) was kindly 
supplied by the Rotta Research Laboratory, s . p . ~ . ,  
Italy, Alloxan monohydrate (BDH) was from the 
manufacturer. 

Animals. Male Swiss albino mice (25-30 g) were used. 
Food (Purina chow) and drinking water were freely 
available. The mice were housed in Perspex cages at  22 
5 1 "c and 12 h lightidark cycle. Eight animals were 
used in each group. The distribution of animals in the 
groups, the sequence of trials and the treatment allotted 
to each group were randomized. All the groups were 
studied simultaneously. 

Alloxanization. Sixty-four mice were divided into four 
groups of 16 animals each. On day 0 blood was taken for 
fasting plasma glucose (FPG) and plasma insulin assay 
from animals in each group. All the animals were then 
made diabetic using a single intravenous injection of 
70 mg kg-1 alloxan monohydrate according to Lund- 
quist & Rerup (1967). 

Drug administration. Both saline and proglumide 
sodium were administered at 0.01 mLilO g wt. Food and 
water were freely available until food was withdrawn 
14h before blood sampling on the 5th day of alloxan 
injection. Further experiments were carried out as 
described below, 

Acute study. Two groups of 8 fasting normal mice and 
four groups of 8 alloxanized mice (on their 5th day) 
were used. The test groups were given a single dose of 
an aqueous solution of proglumide sodium, 200 mg kg-I 
orally. The control groups were given an equivalent 
vohme of 0.9% NaCl (saline). Blood was taken at  0 h 
(before treatment) and 2, 4 and 6 h after the treatment 
for the estimation of FPG and 4 h after the treatment for 
the radioimmunoassay (RIA) of insulin. 

Chronic study. TWO groups of 8 normal mice and four 
groups of 8 alloxanized mice were taken immediately 
after alloxan injections. The test groups were given an 
aqueous solution of proglumide sodium 200 mg kg-1, 
orally, twice daily for 5 days. The control groups were 
similarly treated with saline. Blood was taken for the 
measurement of FPG and insulin on the 5th day, 4 h 
after the last dose of the drug or  saline. 

Fasting plasma glucose and insulin levels. Blood samples 
were taken by orbital sinus puncture under ether 
anaesthesia into heparinized microhaematocrit capil- 
lary tubes (American Hospital Supply Corporation) for 
the determination of glucose. For the RIA of insulin, 
separate groups of animals were killed by overdose of 
anaesthetic ether, and the blood was collected directly 
from the heart. FPG was estimated by the glucose 
oxidase method (Free 1983) in plasma separated by 
centrifuging, using the Beckman Glucose Analyzer 2 
(Beckman Instruments Inc.). Plasma insulin was deter- 
mined by the RIA method as described by Midgley e t  al 
(1969) employing double antibody technique and the 
insulin RIA kit (Amersham International Limited, 
UK). 

Statistical analysis. The significance of the results was 
calculated using Student's t-test. 

Results and discussion 
The results clearly demonstrate that proglumide exacer- 
bates the hyperglycaemic and hypoinsulinaemic effect 
of alloxan-induced diabetes in mice (Tables 1 ,  2). 
Alloxan produces a significant decrease in the plasma 
insulin level and a significant rise in the FPG concentra- 
tion by the 5th day after the intravenous administration 
of its single diabetogenic dose. Proglumide by itself did 
not produce any effect on FPG and insulin levels after 
its acute or  chronic administration for 5 days in the 

Table 1. Effect of a single dose of proglumide on the fasting plasma glucose and insulin levels of alloxan-diabetic mice 

Treatment 
Control (normal) mice 

Proglumide , 
200mg kg-1 p.0. 

Alloxanized control 

A h a n i z e d  + 
Proglumide 
200rng kg-'p.0 

Plasma insulin 
pu mL- mean f 

s.e. at 4 h after 
drugisaline 

administration Oh 2 h  4 h  6 h  

Plasma glucose mg dL-1, mean k s.e. at h after drugkaline administration 

16.80 f 2.15 184.3 k 7.2 177.9 k 7.8 174.2 f 8.6 181.3 f 7.7 

176.9 f 9.6 163.2 f 7.8 16.35 f 3.57 

10.52 f 1.26** 460.0 f 25.7*** 430.0 f 39.2*** 416.0 k 34.3*** 480.0 f 21.4*** 

(8 )  (8) (8 )  

(8) (7) (7) (7) (7) 

(7) (6) ( 6 )  (6) (6) 

(7) (6) (6) ( 6 )  ( 6 )  

( 8 )  
155.2 f 7.1 

(8) 
177.4 f 8.3 

7.94 f 0.72 523.0 f 19.1 574.0 f 37.1* 620.0 k 45.6** 607.0 f 35.8* 

Control animals were given an equivalent volume of normal saline. Numbers in parentheses denote the numbers of 
in the rou s 

p < 0.05, $* P%'O.Ol. * ^ *  P < 0,001. Student's r-test compared with the respective control groups. 
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Table 2. Effect of chronically administered proglumide on 
the fasting plasma glucose and insulin levels of alloxan- 
diabetic mice. 

Dose, 

p.o., twice 
daily for 

mg kg:’ 

Treatment 5 days 
Control NS 

Proglumide 200 

Alloxanized NS 

Alloxan + 200 

(normal) 

control 

proglumide 

Plasma 
insulin 

pu mL-1, 
mean f s.e. 
16.8 k 2.2 

14.1 f 0.8 
(8) 

(8) 

(7) 

(8) 

8.4 f 1.2** 

5.4 f 0.6* 

Plasma 
glucose 

mg dL-1, 
mean f s.e. 

176.0 k 7.8 

194.0 f 9.2 

465,Ok 18.6*** 

(8) 

(8) 

Numbers in parentheses denote the number of animals in 
the groups. 

* P < 0.05, * *  P < 0.01, * * *  P < 0401, Student’s t test 
compared with the respective control groups. 

NS = Equivalent volume of normal saline administered 
similarly. 

normal mice. Its acute administration in alloxanized 
mice produced a significant exacerbation of the 
hyperglycaemia but the further reduction in plasma 
insulin level was statistically insignificant. However, its 
chronic administration for 5 days, immediately follow- 
ing the alloxan injection, significantly increased both 
the hyperglycaemia as well as the hypoinsulinaemia in 
diabetic mice. These observations further substantiate 
the results of Verspohl et  a1 (1986b) on the proglumide- 
induced inhibition of insulin secretion in-vitro. Proglu- 
mide antagonizes various CCK-stimulated effects on 
pancreatic acini (Hahne et  a1 1981; Williams e t  al 1983) 
and CCK is known to stimulate insulin release from the 
pancreas (Ahren & Lundquist 1981; Szecowka et  al 
1982; Otsucki et  al 1979; Verspohl et  al 1986a). 

The inhibitory effect of proglumide on  insulin secre- 
tion has also been shown to be CCK-dependent as 
maximal concentrations of proglumide decrease CCK- 
induced insulin secretion more effectively than those 
produced by glucose stimulation (Verspohl 1986b). It is 
reasonable therefore that the diabetogenic effect of 
alloxan, which induces hypoinsulinaemic diabetes 
(Larner 1985), is potentiated by a CCK-antagonist drug 
like proglwnide in mice. Though the doses used by 
Verspohl e t  al (1986a, b) and also by us are high, they 
are in the range of in-vitro and in-vivo effective doses 
employed in animal studies (Hahne et al 1981; Williams 
et al 1983; Parmar 1986) and are also close to the 
relatively higher doses of proglumide employed in the 
treatment of gastric and duodenal ulcers in man 
(Galeone et  al 1979). However, it remains to be 
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established that the effects reported in the present Study 
are related to the antagonism of CCK. 

In conclusion our observations provide significant 
relevance to the in-vitro observations of Verspohl et 4 
(1986b) and indicate that blood glucose level 
carefully monitored in diabetic patients treated with 
high doses of proglumide. 

The authors thank Mr Abdullah Abdul Raziq for his 
help in conducting the radioimmunoassays of insulin. 

R E F E R E N C E S  

Ahren, B., Lundquist, I. (1981) Acta Diabet. Lat. 18: 
345-346 

Chiodo, L. A , ,  Bunney, B. S. (1983) Science 219: 
1449-1450 

Free, A .  H. (1983) in: Sobotka, S. (ed.) Advances in 
Clinical Chemistry. Vol. 6, Academic Press, New York, 
p. 67 

Galeone, M., Bignamini, P. A , ,  Casula, P. L., Moise, G. 
(1979) in: Weiss, J., Miederer, S. E. (eds) Proglumide 
and other gastrin receptor antagonists. Excerpta Medica, 
Amsterdam, pp 91-112 

Hahne, W. F., Jensen, R. T. ,  Lemp, G .  F., Gardner, 
J. D. (1981) Proc. Natl. Acad. Sci. 78: 6304-6308 

Larner, J. (1985) in: Gilman, A .  G.,  Goodman, L. S.,  Rall, 
T. W., Murad, F. (eds) The Pharmacological Basis of 
Therapeutics, 7th edn. Macmillan Publishing Company, 
New York, pp 149&1516 

Lundquist, I., Rerup, C. (1967) Eur. J. Pharmacol. 2: 
35-41 

Magous, R., Bali, J .  P. (1983) Regul. Pept. 7: 233-241 
Midgley, A. R., Rebar, R. W., Niswender, G. D. (1969) 

Acta Endocrinol. Suppl. 142: 247-254 
Niederaus, C., Ferrell, L. D., Grendell, J .  H. (1985) 

Gastroenterology 88: 1192-1204 
Otsucki, M., Sakamoto, C., Yuu, H., Maeda, M., Morita, 

S . ,  Ohki, A , ,  Kobayashi, N., Terashi, K., Okano, K., 
Baba, S. (1979) J .  Clin. Invest. 63: 478-484 

Parmar, N. S. (1986) Toxicon 24: 611-613 
Rovati, A. L. (1976) Scand. J. Gastroenterol. 11 (Suppl. 

42): 113-118 
Szecowka, J . ,  Lins, P. E. ,  Effendic, S. (1982) Endocrinol- 

ogy 110: 126S1272 
Tariq, M., Parmar, N. S . ,  Ageel, A. M. (1987). J. 

Pharmacol. Exp. Ther. 241: 602-607 
Umetsu, T., Kimura, K., Sanai, K., Iwaki, K.  (1980). Eur. 

J.  Pharmacol. 64: 69-72 
Verspohl, E. J., Ammon, H. P. T., Williams, J. A., 

Goldfine, I. D. (1986a) Diabetes 35: 38-43 
Verspohl, E. J . ,  Wunderle, G., Ammon, H. P. T., 

Williams, J .  A., Goldfine, I. D. (1986b) Naunyn- 
Schmiedeberg’s Arch. Pharmacol. 332: 284-287 

Weiss, J. (1979) in: Weiss, J., Miederer. S. E.  (eds) 
Proglumide and other gastrin receptor antagonists. 
Excerpta Medica, Amsterdam. pp 11S131 

Williams, J .  A , ,  Bailey. A , ,  Steigerwalt. R. W. (1983) 
Digestion 27: 227-233 


