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A glucagon-secretin-like peptide stimulates the intrinsic nervous plexus of guinea pig gallbladder 
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Summary. The role of vasoactive intestinal peptide (VIP), as a possible neurotransmitter of the intrinsic nerve plexus 
in the guinea pig gallbladder, was investigated by monitoring spontaneous contractile activity. VIP receptor antag- 
onist (4 C1-D-Phe 6, LeulT)-VIP did not produce any effect on muscular tone and spontaneous activity, whereas 
(N-Ac-Tyr 1, D-Phe 2)-GRF-(1-29)-NH2, (14-GRF analog), which is known to stimulate digestive enzyme secretion 
by interacting with the VIP-preferring receptors, greatly increased the amplitude and frequency of waves as well as 
the muscular tone. Since VIP receptor antagonist acts selectively as a competitive antagonist for the action of VIP, 
we conclude that the gallbladder inhibitory intrinsic plexus neurotransmitter is not VIP, but a member of the 
glucagon-secretin family of peptides. 
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The existence of non-cholinergic, non-adrenergic, inhibi- 
tory neurons has been demonstrated in the guinea pig 
gallbladder wall by Davison et al. 1. These neurons can be 
activated by vagal preganglionic fibers across conven- 
tional nicotinic synapses 2. 
Vasoactive intestinal peptide (VIP), a hormone found at 
high levels in the gastrointestinal tract, has recently been 
localized in a widely-distributed system of nerves in the 
gut wall 3,4, as well as in the guinea pig gallbladder 5. 
Among known effects of VIP are the relaxation of the 
gallbladder 6, 7 and the decrease of cholecystokinin-in- 
duced contractions 8 
In an effort to gain a better understanding of the nature 
of neurotransmitters of the intrinsic inhibitory plexus of 
the guinea pig gallbladder, we performed a systematic 
study involving the use of (4 C1-D-Phe 6, Leu iv) VIP and 
14-GRF analog as competitive antagonists of the action 
of VIP and other peptides of the glucagon-secretin fami- 
ly. (4 C1-D-Phe 6, Leu 17) VIP 9 selectively antagonizes the 
action of the VIP receptors, whereas the 14-GRF 
analog 10 acts on both the VIP receptors and those of 
other members of the glucagon-secretin family of pep- 
tides. 

Materials and methods 
Experiments were performed using gallbladders isolated 
from 5 guinea pigs of both sexes (b.wt 300-500 g). The 
animals were anesthetized with Nembutal (30mg/kg 
b.wt i.p.) and the gallbladder was quickly removed. Gall- 
bladder strips, 3 mm wide and 10 mm long, were placed 
vertically in a 10-ml bath of Krebs solution (pH 7.4) 
containing (mMol/1) : NaC1 118.0; KC14.70; CaC12 2.52; 
MgSO4 1.64; NaHCO3 24.88 and glucose 5.55. The bath 
was maintained at 37 ~ using a circulating immersion 
heater and bubbled with a 95% O2 and 5% CO2 gas 
mixture. Pre-warmed Krebs solution was continuously 
infused into the chamber at a rate of 1.5 ml/min through- 
out the experiment, except during the pharmacological 
trials. 

One end of the gallbladder strip was tied to a hook on the 
bottom of the chamber and the opposite end was at- 
tached to an isometric force transducer (FTA-100 San- 
born, USA). 
The transducer was connected to a chart recorder (JJ 
Instruments, Elis, Italy). A resting tension of 200 mg was 
applied to the strips and they were allowed to equilibrate 
for 30 min. Changes in muscle tension were measured in 
grams as deflection from baseline tension. The initial 
tension was assigned a value of zero. 
Tetrodoxin (TTX) was purchased from Sigma (Dorset, 
England); vasoactive intestinal peptide (VIP, guinea pig), 
(N-Ac-Tyr 1, D-Phe2)-GRF-(I 29)-NH 2 and VIP recep- 
tor antagonist (4 C1-D-Phe 6, Leu Iv) VIP were obtained 
from Peninsula Laboratories (St. Helens, England). 
The effect of TTX (3.13 x 10-7 M) on spontaneous con- 
tractile activity of gallbladder strips was determined. 
Increasing amounts of VIP, in a range from 10 to 100 ng, 
were tested on gallbladder strips by adding the peptide to 
the bath. However, the changes of both amplitude and 
frequency of spontaneous contractile waves and gall- 
bladder tone were not evaluated. 
Amounts of 14-GRF analog in a range of 10-100 ng or 
VIP-receptor antagonist in a range of 100-500 ng were 
added to the bath in a separate series of experiments. 
Finally, the effect of the maximal doses of both 14-GRF 
analog (100 rig) and VIP-receptor antagonist (100 ng) on 
gallbladder strips was determined after TTX administra- 
tion. Following each pharmacological manipulation the 
muscle chamber was flushed with at least 50 ml of fresh 
pre-warmed Krebs' solution and then equilibrated for 20 
min before the next trial. 

Results 
After an equilibration period of about 30 min, the circu- 
lar gallbladder strips showed rhythmic spontaneous con- 
traction appearing as axial force waves. The wave-forms 
of the force developed in a single contraction were usual- 
ly oscillatory, containing two or more peaks which were 
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Effects of VIP0 receptor antagonist (4 CI-D-Phe 6, Leu17)-VIP and VIP 
analog (14-GRF) on the spontaneous mechanical activity of guinea pig 
gallbladder strips. A VIP induced a decrease in resting tension and abol- 
ished spontaneous mechanical activity. B (4 C1-D-Phe 6, LeulT)-VIP did 
not modify either the muscular tone or the spontaneous contractile activ- 
ity, C Increased muscular tone and increased amplitude and frequency of 
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spontaneous contraction waves after addition of VIP antagonist 14-GRF 
analog were found. D Tetrodoxin induced rise in tension of the muscular 
strip and an increase in the frequency and amplitude of spontaneous 
contraction waves. E (4 C1-D-Phe 6, Leu17)-VIP did not modify mechani- 
cal activity recorded after TTX administration. F 14-GRF analog did not 
induce further increases in mechanical activity after TTX administration. 

more or less separated. The number of oscillations and 
the overall pattern of these waveforms changed consider- 
ably during the course of the same experiments. No effect 
on muscle tone was observed when the medium flow was 
interrupted during the pharmacological trials. 
Preliminary experiments demonstrated the effective ac- 
tion of VIP-receptor antagonist on VIP by abolishing the 
inhibitory effect of VIP on gallbladder muscular tone. 
The figure (A) shows the effect of VIP on spontaneous 
contractile activity in guinea pig gallbladder strips. VIP 
(100 ng, the submaximal dose) induced both strip relax- 
ation, as seen by a marked drop in the tone, and a de- 
crease in the amplitude of the spontaneous contractile 
waves. (4 C1-D-Phe 6, Leu 17) VIP (100-500 ng), which is 
a selective competitive inhibitor for guinea pig vasoactive 
intestinal peptide receptors t0 did not modify either the 
distensibility of the gallbladder strips or the amplitude of 
spontaneous contractile waves (fig., B). On the contrary, 
when the GRF analog (N-Ac-Tyr 1, D-Phe2)-GRF-(I 
29)-NH 2 (100 rig), which interacts with both pancreatic 
VIP receptors and receptors of other members of the 
glucagon-secretin family of peptides 9, was added to the 
bath, an increase in both the frequency and amplitude of 
force waves was observed simultaneously, in addition to 
an increase in the tone of the gallbladder strips (fig., C). 
The addition of TTX (3.13 x 10-7 M) to the bath caused 
a loss of gallbladder distensibility and increased the spon- 
taneous contraction activity (fig., D). When VIP antago- 
nist followed the addition of TTX to the bath, no in- 

crease in either amplitude or frequency of spontaneous 
contraction waves was found (fig., E). 
Similarly, when 14-GRF analog was added to the bath 
after TTX, no further increase in the amplitude and fre- 
quency of spontaneous gallbladder waves was observed 
(fig., F). 

Discussion 

Guinea pig gallbladder strips showed a spontaneous me- 
chanical activity characterized by rhythmic contraction 
waves, identical to those recently observed in whole gall- 
bladders; the addition of TTX to the bath did not abolish 
spontaneous contractile waves, confirming the myogenic 
nature of this activity 11. The loss of gallbladder distensi- 
bility after TTX treatment also suggests that the intrinsic 
neural activity was predominantly inhibitory. Davison et 
al. 1 proposed VIP as a possible neurotransmitter of the 
inhibitory plexus. VIP is a peptide chemically related to 
secretin 12. t3, which has been reported to relax isolated 
superfused guinea pig gallbladders i4 and to antagonize 
the contractile effects of CCK in Vivo 15. Moreover, VIP- 
like immunoreactivity has been localized in nerve fibers 
in the gallbladder wall 6. 
In order to verify whether VIP is an endogenous inhibit- 
ing neurotransmitter of the gallbladder or not, we per- 
formed experiments using either a selective inhibitor of 
VIP receptors or an aspecific inhibitor of the secretin- 
glucagon family. Selective vasoactive intestinal receptor 
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antagonist (4C1-D-Phe 6, LeulV)-VIP did not produce 
any effect on spontaneous contractile activity. On the 
contrary, 14-GRF analog, which specifically interferes 
with VIP receptors, induced an evident increase in both 
tone and spontaneous contraction waves. The fact that 
the 14-GRF analog did not produce any increase in 
muscular tone after pharmacological blockade of the in- 
trinsic nerve plexus, obtained by TTX administration, 
demonstrated that the action of this peptide is not myo- 
genic, but is rather directed at the intrinsic nerve plexus. 
These findings suggest that a member of the glucagon-se- 
cretin family ofpeptides may be a neurotransmitter in the 
inhibitory plexus of guinea pig gallbladder, but VIP is 
not. 
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Changes in red blood cell choline and choline-bound lipids with oral lithium 
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Summary. The influence of oral lithium on the concentration of red blood cell choline (Ch), lecithin, glycerophospho- 
rylcholine (GPCh) and phosphorylcholine (PCh) was studied. The concentration of RBC Ch was significantly 
elevated and the concentration of lecithin, GPCh and PCh significantly depressed in 16 patients on oral lithium 
compared to 9 age-matched controls. We conclude that lithium markedly depletes the red  blood cell of choline 
containing compounds including lecithin. These changes may be responsible for both the therapeutic efficacy and the 
toxicity of lithium. 
Key words. Lithium; mechanism; choline; lecithin; glycerophosphorylcholine; phosphorylcholine. 

Lithium (Li) is the treatment of choice for patients with 
bipolar disorders and is utilized by millions of people 
yearly worldwide 1. Its mechanism of action is unknown 
although Janowsky et al. have proposed that it changes 
the relative balance between the cholinergic/adrenergic 
systems 2. In addition, it alters phosphatidylinositol 
turnover 3 and increases red blood cell (RBC) glycine 4. 
Li has dramatic effects on the transport and concentra- 
tion of choline (Ch) in RBC. Martin was the first to 
demonstrate that Li blocked the transport of Ch into and 
out of the RBC in human subjects 5 and Jobe et al. 6 
showed that Li led to an approximately tenfold rise of 
RBC Ch. Jenden 6.7 and Hanin s also demonstrated that 
the expected rise of RBC Ch could be predicted with a 
kinetic model that they developed. No sustained increas- 
es in brain Ch have been demonstrated in animals on 
chronic Li therapy. However, animal models may not be 

appropriate to study the effects of Li in man as Miller et 
al. 9 have demonstrated that in ten different non-human 
species, Li did not elevate RBC Ch even though the 
dosage administered resulted in what would have been 
'therapeutic levels' of Li in human subjects. 
The long-term effect of Li on Ch metabolism in man is 
unknown. Specifically there have been no studies to 
demonstrate what prolonged block of Ch transport will 
do to the concentration of lecithin in the membrane or 
other Ch containing compounds such as glycerophos- 
phorylcholine (GPCh) or phosphorylcholine (PCh). We 
have measured RBC Ch, lecithin, GPCh, and PCh in 9 
normals and 16 patients on Li therapy for more than one 
week. The changes in these compounds are described and 
possible implications for therapy and toxicity are dis- 
cussed. 


