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The effects of cyclic nucleotides and phorbol ester on the acidic cell surface pH of rat jejunal villi were 
studied by using single-barrelled pH-sensitive microelectrodes. Addition of dibutyryl cAMP (1 raM) to the 
mucosal bathing solution caused an elevation of the cell surface pH from 6.19 + 0.04 (n -- 12 measurements 
from three animals) to 6.53 + 0.03 (12) in the presence of Na + in the medium. However, dibutyryl cAMP 
had no significant effect in the absence of Na + and presence of 1 mM amiloride. Dibutyryl cGMP (1 mM) 
also had an Na+-dependent inhibitory effect on the cell surface pH. A phorboi ester, phorbol 12-myristate 
13-acetate, caused an elevation of the cell surface pH only in the presence of Na + from 6.14 + 0.07 (12) to 
6.46 + 0.08 (12). Phorbol and phorbol 13-acetate, which do not stimulate protein kinase C, were without 
significant effects. These results suggest that increased levels of the intracellular cyclic nucleotides and 
activation of protein kinase C raise the acidic cell surface pH by inhibiting the activity of the brush-border 
N a + / H  + antiporter in the rat jejunal villus cells. 

Introduction 

Lucas et al. [1] first demonstrated the presence 
of an acid microclimate layer (microclimate pH) 
in the close vicinity of the cell surface of rat 
jejunum in vitro. Subsequently, Lucas' group and 
other investigators disclosed important properties 
of this pH layer [2-8]. From these studies, it has 
become clear that H + secretion by the intestinal 
epithelial cells and the presence of the surface 
mucus are of fundamental importance in the for- 
mation and maintenance of the acid microclimate, 
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although there are many other factors affecting it. 
Among the mechanisms of H + secretion by the 

intestinal epithelial cells, N a + / H  + antiport has 
been shown to be most important. The brush- 
border membrane of enterocytes possesses N a + /  
H + antiporters [9-11], and this antiport mecha- 
nism functions to regulate intracellular pH [12]. In 
regard to the microclimate pH, Lucas et al. [2,4] 
first showed that it is sensitive to the presence of 
Na + in the luminal medium. We confirmed the 
role of the N a + / H  + antiporter in the formation of 
the acid microclimate [8]. Accordingly, it is ex- 
pected that the activity level of the N a + / H  + 
antiporter is reflected in the acidity of the micro- 
climate, so that one can examine factors modulat- 
ing the activity of the N a + / H  + antiporter by 
measuring the microclimate pH. In the present 
study, we focussed on the regulation of the N a + /  
H + antiporter by possible intracellular mediators, 
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and the effects of cyclic nucleotides and phorbol 
ester on the acidic cell surface pH were investi- 
gated. 

Method 

Preparations and pH measurements 
Experimental procedures were almost identical 

to those described previously [8]. In short, male 
Wistar rats (weighing 200-250 g) were anesthe- 
tized by intraperitoneal injection of urethane (1 
g /kg) .  The proximal part of the jejunum was 
excised, opened along the mesenteric border, and 
fixed on a small Lucite chamber with the mucosal 
side upwards. The preparations were perfused with 
a standard or a test solution saturated with 100% 
02 at a rate of 10 ml /min .  The temperature of the 
perfusion solution was kept at 37 o C. All experi- 
ments were performed within 30 min after the 
excision. Within this period of time, the tissue 
viability seemed to be preserved, as described 
previously [8]. 

pH measurements were performed with single- 
barrelled liquid-ion-exchanger-type pH-sensitive 
microelectrodes which had a tip diameter of 
around 1 /xm. A mixture of 10% tri-n-dodecyla- 
mine, 89.3% O-nitrophenyl-n-octyl ether and 0.7% 
sodium tetraphenylborate [13] was used as an 
H+-ligand. Fabrication and properties of the pH- 
microelectrodes were as described previously [8]. 
Calibration was made using a 140 mM NaC1 
solution which was buffered with 10 mM Hepes- 
Tris to pH 5.5-7.5. The average slope of the 
pH-microelectrodes in the present study was 61.7 
_+0.48 (n = 37) m V / p H  in the pH range of 
5.5-7.5 at 37 o C. The electrodes were connected to 
the input of an electrometer (FD-223, WP Instru- 
ments, New Haven, CT). As a reference electrode, 
a polyethylene bridge filled with 2% agar in 1 M 
KC1 was used to connect the bathing solution to a 
1 M KC1 solution where an Ag/AgC1 wire was 
immersed, pH measurements were performed in 
an earthed metal cage. A well-shielded wire was 
employed for the input circuit, and all pieces of 
equipment, including the micromanipulators and 
stereomicroscope, were grounded. 

The pH-microelectrode was positioned at an 
angle of 53 ° to the tissue, and the tip of the 
electrode was advanced gradually by a micro- 

manipulator (Narishige). The lowest values of pH 
recorded just before the cell membrane penetra- 
tion at the villus tip region were compared. Such 
lowest values of pH are referred to as the 'cell 
surface pH' in the present study. The excised 
tissues were perfused with a solution which con- 
tained one of the test substances for 5 min before 
pH measurements. Control tissues were perfused 
with a standard solution for the same period of 
time before pH measurements. Cell surface pH 
was measured at several points in one tissue, and 
three tissue samples from three animals were used 
to study the effects of one test substance. 

The standard perfusion solution used in the 
present study had the following composition (in 
mM): NaCI, 135; KC1, 3; CaC12, 1.8; MgCI2, 1.0; 
D-mannitol, 20; and Hepes-Tris, 2 (pH 7.30). NaC1 
was replaced by equimolar choline chloride for the 
Na+-free condition. Finally, the pH of all solu- 
tions was carefully readjusted to 7.30 with tetra- 
methylammonium hydroxide at 37 ° C. 

Chemicals and statistics 
Dibutyryl cAMP, prostaglandin E z, dibutyryl 

cGMP, phorbol 12-myristate 13-acetate, phorbol, 
phorbol 13-acetate and calcium ionophore A23187 
were obtained from Sigma. Theophylline was ob- 
tained from Wako (Tokyo). Amiloride was a kind 
gift from Merck Sharp & Dohme. All other chem- 
icals were of reagent grade purity. All data are 
presented as means _+ S.E. Statistical significance 
of differences between the mean values was 
evaluated by Student's t-test. 

Results 

First, the effect of Na + replacement on the cell 
surface pH was reinvestigated in the present pre- 
parations. As seen in Table I, the replacement of 
Na + with choline caused a significant elevation of 
the cell surface pH, confirming the previous 
observations [8]. As it was considered possible 
that the Na + concentration in the unstirred layer 
including intermicrovillus spaces might not be 
rapidly equalized to the bulk phase [14], the effect 
of amiloride was tested in the absence of Na + 
from the perfusion solution. Addition of 1 mM 
amiloride to the choline-substituted medium 
caused further elevation of the cell surface pH. 
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TABLE I 

EFFECTS OF Na + REPLAC E M E NT  AND A M I L O R I D E  
ON THE CELL SURFACE pH OF RAT JEJUNAL VILLUS 
CELLS 

Cell surface pH was measured in the Na+-containing standard 
medium (control) (135 mM NaCI, 3 m M  KC1, 1.8 mM  CaC12, 
1.0 mM MgCI 2, 20 m M  D-mannitol, 2 mM  Hepes-Tris, pH 
7.30), choline medium (NaC1 was replaced by choline chloride), 
and choline medium which also contained 1 m M  amiloride. 
Data are expressed as means_+ S.E. Figures in parentheses are 
the number of observations. 

Cell surface pH 

Control 6.10 _+ 0.03 (11) 
Choline medium 6.43 _+ 0.05 (13) (P  < 0.01) 
Choline medium plus 

amiloride (1 raM) 6.63 _+0.02 (13) (P  < 0.01) 

The pH values were 6.10_+ 0.03 (n = 11) in the 
control condition (Na+-containing medium), 6.43 
_+ 0.05 (13) in the choline medium and 6.63 _+ 0.02 
(13) in the choline medium which also contained 1 
mM amiloride. Therefore, in the subsequent ex- 
periments, choline-substituted medium which con- 
tained 1 mM amiloride was used as the Na+-free 
solution. 

Table II shows the effects of 1 mM dibutyryl 
cAMP and dibutyryl cGMP on the cell surface pH 
in the presence and absence of Na + in the medium. 
Both dibutyryl cAMP and dibutyryl cGMP raised 
the cell surface pH in the presence of Na +. In 
contrast, they did not cause any significant changes 
in the cell surface pH in the Na+-free medium. In 
these Na+-free experiments, Na + concentration 
was not exactly zero, since the sodium salt of 
dibutyryl cAMP or cGMP was used. Therefore, 1 
mM NaCI was also added to the choline-sub- 
stituted solution in control observations. However, 
because of the presence of amiloride, the activity 
of the N a + / H  + antiporter is considered to be 
sufficiently suppressed. 

Table III shows the effects of 10 mM theophyl- 
line, a nonspecific inhibitor of phosphodiesterase, 
on the cell surface pH. When theophylline was 
added to the perfusion solution, equimolar D-man- 
nitol was omitted from the solution. Theophylline 
is known to increase the levels of both cAMP and 
cGMP in the samll intestine [15]. As seen in Table 
III, theophylline raised the cell surface pH signifi- 
cantly when the medium contained Na +. How- 
ever, the same dose of theophylline had no signifi- 
cant effect in the choline medium containing 1 

TABLE II 

EFFECTS OF DIBUTYRYL cAMP A N D  DIB UT YR YL  
cGMP ON THE CELL SURFACE pH OF RAT JE JUNAL  
VILLUS CELLS IN THE PRESENCE A N D  ABSENCE OF 
Na + IN THE PERFUSION SOLUTION 

+ N a  + indicates the measurements in the Na+-containing 
standard medium (135 m M  NaC1, 3 mM  KC1, 1.8 mM  CaCI2, 
1.0 mM MgCI 2, 20 mM o-mannitol,  2 m M  Hepes-Tris, pH 
7.30). - N a  + indicates the measurements  in the Na+-free 
medium (NaCI was replaced by choline chloride). Na+-free 
medium also contained 1 mM  amiloride, Data are expressed as 
means _+ S.E. Figures in parentheses are the number  of observa- 
tions, n.s. indicates statistical insignificance. 

Cell surface pH 

+ N a  + - N a  + 

Control 6.19_+0.04 (12) 6.79_+0.02 (12) 
Dibutyryl cAMP 6.53 _+0.03 (12) 6.81 _+0.03 (12) (n.s.) 

(1 mM) (P  < 0.01) 

Control 6.13 _+ 0.03 (12) 6.73 _+ 0.04 (12) 
Dibutyryl cGMP 6.43 _+ 0.03 (12) 6.79 _+ 0.03 (12) (n.s.) 

(1 mM) (P  < 0.01) 

TABLE III 

EFFECTS OF T H E O P H Y L L I N E  A N D  P R O S T A G L A N D I N  
E 2 ON THE CELL SURFACE pH OF RAT JEJUNAL 
VILLUS CELLS IN THE PRESENCE A N D  ABSENCE OF 
Na + IN THE PERFUSION SOLUTION 

+ N a  + indicates the measurements in the Na+-containing 
standard medium (135 mM NaC1, 3 mM KC1, 1.8 mM CaCI 2, 
1.0 mM MgCI2, 20 m M  D-mannitol, 2 mM Hepes-Tris, pH 
7.30). - N a  + indicates the measurements  in the Na+-free 
medium (NaC1 was replaced by choline chloride). Na+-free 
medium also contained 1 mM amiloride. Data are expressed as 
means_+ S.E, Figures in parentheses are the number  of observa- 
tions, n.s. indicates statistical insigificance. 

Cell surface pH 

+ N a  + - N a  + 

Control 6.15_+0.03 (12) 6.67_+0.05 (12) 
Theophylline 6.66 _+ 0.03 (12) 6.73 _+ 0.03 (12) (n.s.) 

(10 raM) (P  < 0.01) 

Control 6.09_+0.04 (12) 6.72_+0.02 (12) 
Prostaglandin E 2 6.45 _+ 0.03 (12) 6.73 _+ 0.05 (12) (n.s.) 

(10 -6  M) (P  < 0.01) 



mM amiloride. Prostaglandin E 2 is also known to 
increase intracellular cAMP levels by activating 
adenylate cyclase in the small intestine [16-18]. 
Table III  also shows the effects of 10  - 6  M pros- 
taglandin E 2 both in the presence and absence of 
Na  +. Prostaglandin E 2 was dissolved in ethanol 
for the stock solution, and the final concentration 
of ethanol in the test medium was 0.1%. Pros- 
taglandin E 2 had significant inhibitory effects on 
the cell surface pH only in the presence of Na  +. 

Phorbol esters are reported to be potent activa- 
tors of protein kinase C [19]. The effects of 10 6 
M phorbol 12-myristate 13-acetate on the cell 
surface pH are shown in Table IV. Phorbol 12- 
myristate 13-acetate was dissolved in dimethyl 
sulphoxide (DMSO), and the final concentration 
of DMSO in the test medium was 0.1%. As seen in 
Table IV, phorbol 12-myristate 13-acetate also 
had a significant inhibitory effect on the cell 
surface pH only in the presence of Na  +. To ex- 
amine whether or not the effect of phorbol 12- 
myristate 13-acetate is specific with regard to 
stimulation of protein kinase C, phorbol and 
phorbol 13-acetate, which are known to have no 
stimulatory effects on protein kinase C [19], were 
tested. Phorbol and phorbol 13-acetate were dis- 
solved in DMSO, and the final concentration of 
DMSO in the medium was 0.1%. Table V shows 
the effects of these substances in the presence of 
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TABLE V 

EFFECTS OF PHORBOL A N D  PHORBOL 13-ACETATE 
ON THE CELL SURFACE pH OF RAT JEJUNAL VILLUS 
CELLS 

Cell surface pH was measured in the presence of Na ÷ in the 
perfusion solution (135 mM NaC1, 3 mM KCI, 1.8 mM CaC12, 
1.0 m M  MgC12, 20 m M  D-mannitol, 2 mM Hepes-Tris, pH 
7.30). Data are expressed as means + S.E. Figures in parenthe- 
ses are the number  of observations, n.s. indicates statistical 
insignificance. 

Cell surface pH 

Control 6.18 + 0.03 (12) 
Phorbol (10-  6 M) 6.20 + 0.03 (12) (n.s.) 
Phorbol 13-acetate 

(10 6 M) 6.23 +0.02 (12) (n.s.) 

Na ÷. Apparently, they had no significant effects 
on the cell surface pH. 

In the next series of experiments, the effects of 
Ca ionophore A23187 (2- 10 -6 M) was examined. 
A23187 was dissolved in ethanol, and the final 
concentration of ethanol in the test medium was 
0.1%. As shown in Table VI, A23187 had no 
significant effects on the cell surface pH, regard- 
less of whether or not Na  ÷ was present in the 
medium. 

In an additional experiment, we examined 
whether the choline medium containing 1 mM 

TABLE IV 

EFFECTS OF PHORBOL 12-MYRISTATE 13-ACETATE 
ON THE CELL SURFACE pH OF RAT JEJUNAL VILLUS 
CELLS IN THE PRESENCE A N D  ABSENCE OF Na  + IN 
T H E  PERFUSION SOLUTION 

+ N a  + indicates the measurements  in the Na+-containing 
standard medium (135 m M  NaCl, 3 m M  KCI, 1.8 m M  CaCI2, 
1.0 mM MgC12, 20 m M  D-mannitol, 2 m M  Hepes-Tris, pH 
7.30). - N a  + indicates the measurements  in the Na+-free 
medium (NaCI was replaced by choline chloride). Na÷-free 
medium also contained 1 mM  amiloride. Data are expressed as 
means + S.E. Figures in parentheses are the number  of observa- 
tions, n.s. indicates statistical insignificance. 

Cell surface pH 

+ N a  + - N a  + 

Control 6.14 + 0.07 (12) 6.65 + 0.03 (12) 
Phorbol 12-myristate 6.46+_0.08 (12) 6.73+_0.04 (12) 

13-acetate (10 -6  M) (P  < 0.01) (n.s.) 

TABLE VI 

EFFECTS OF A23187 ON THE CELL SURFACE pH OF 
RAT JEJUNAL VILLUS CELLS IN THE PRESENCE A N D  
ABSENCE OF Na ÷ IN THE PERFUSION SOLUTION 

+ N a  + indicates the measurements  in the Na÷-containing 
standard medium (135 m M  NaCl, 3 m M  KC1, 1.8 mM. CaC12, 
1.0 mM MgCl2, 20 m M  D-mannitol, 2 m M  Hepes-Tris, pH 
7.30). - N a  + indicates the measurements  in the Na+-free 
medium (NaC1 was replaced by choline chloride). Na+-free 
medium also contained 1 m M  amiloride. Data  are expressed as 
means :h S.E. Figures in parentheses are the number  of observa- 
tions, n.s. indicates statistical insignificance. 

Cell surface pH 

+ N a  + - N a  + 

Control 6.15 + 0.02 (12) 6.77 + 0.02 (12) 
A23187 6.21+0.01(12)  6.77 + 0.02 (12) (n.s.) 

(2.10 6 M )  (P  < 0.01) 
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amiloride affected tissue viability. The cell surface 
pH was first measured in the choline medium 
containing 1 mM amiloride; thereafter the medium 
was changed to the Na +-containing standard solu- 
tion followed by the cell surface pH measurement. 
Almost complete restoration of the acidic cell 
surface pH was seen from an elevated pH of 
6.60 _+ 0.02 (12) to 6.14 _+ 0.02 (12). This indicates 
that the viability of tissues was well-preserved 
during incubation in the choline medium contain- 
ing 1 mM amiloride. 

Discussion 

The results of the present study show that not 
only cyclic nucleotides but also phorbol ester cause 
an elevation of the microclimate pH (cell surface 
pH) in rat jejunum in the presence of Na + in the 
perfusion solution. In the absence of Na + and 
presence of 1 mM amiloride, these substances did 
not show any significant effects on the cell surface 
pH. Such Na+-dependent inhibition of the acidic 
microclimate pH is most likely to occur via the 
inhibition of N a + / H  + antiporter activity in the 
brush-border membrane. 

Lucas [20] first demonstrated that mucosal 
acidification by the rat jejunum is significantly 
inhibited by aminophylline. Lucas and Blair [2] 
subsequently showed directly that the micro- 
climate pH became less acidic in the presence of 
10 mM aminophylline. Lucas [21] also showed the 
inhibitory effects of dibutyryl cAMP and cAMP 
on the microclimate pH and suggested the pres- 
ence of some linkage between H + secretion and 
the intracellular cAMP level. 

cAMP is a putative intracellular messenger 
which alters ion transport in the small intestine 
[22,23]. An increase in intracellular cAMP 
increases electrogenic C1- secretion and inhibits 
the linked Na + and C1- absorptive process [22,23]. 
For the villus cells, the latter effect is important, 
since electrogenic C1 secretion is localized to the 
crypt cells [24]. This linked Na + and C1- absorp- 
tive process is now explained by a combination of 
N a + / H  + antiport and C 1 - / O H - ( H C O f )  anti- 
port [23]. Therefore, the inhibitory effects of cAMP 
on the linked Na + and C1- absorption may be due 
to the inhibition of these antiporters. Recently, 
Semrad and Chang [25] showed directly the 

inhibitory effects of cAMP on the N a + / H  + anti- 
porter in chicken enterocytes. 

In the present study, the measured cell surface 
pH was not modified by the C I - / O H  ( H C O f )  
antiporter, because the C1- /OH-(HCO3-  ) anti- 
porter has not been detected in the brush-border 
membrane of rat jejunum [11]. Our previous study 
[8] also showed no significant effect of CI-  
replacement on the microclimate pH. Therefore, 
the present results can be taken as evidence for the 
inhibition of the N a + / H  ~ antiporter by cAMP in 
the mammalian small intestine. 

Reuss and Petersen [26] demonstrated the 
inhibitory effect of cAMP on the N a + / H  + anti- 
porter in Necturus gall gladder epithelium. Peter- 
sen et al. [27] also demonstrated a similar inhibi- 
tory effect of cAMP on the N a + / H  + antiporter in 
guinea pig gall bladder epithelium. Kahn et al. 
[28] showed this inhibitory effect of cAMP in 
rabbit proximal tubules. These findings, together 
with the present results, indicate that N a + / H  + 
antiporters located in the cell membranes of epi- 
thelial tissues may be inhibited by an increased 
level of intracellular cAMP. 

Another cyclic nucleotide, cGMP, is also a 
putative intracellular messenger which can affect 
ion transport in the intestine, although little is 
known about the detailed mechanism of cGMP-re- 
lated regulation as compared to that of cAMP 
[23]. An increase in cGMP causes inhibition of the 
linked Na + and C1- absorptive process, as in the 
case of cAMP [15,29,30]. These effects of cGMP 
indicate the possibility that cGMP also inhibits 
Na + / H  + antiporter activity in the intestine. How- 
ever, there are no further data available concern- 
ing the effects of cGMP on the N a + / H  + anti- 
porter in the intestine and other tissues. The pre- 
sent results provide evidence that cGMP also in- 
hibits the N a + / H  + antiporter, at least in the rat 
jejunum. 

Recently, protein kinase C has been recognized 
as an important regulator of intestinal ion trans- 
port [31]. Phorbol esters, which stimulate protein 
kinase C [19], are useful tools in the study of the 
role of protein kinase C in the regulation of 
intestinal transport. Phorbol esters have been re- 
ported to activate the N a + / H  + antiporter in vari- 
ous cell types, such as human fibroblast, HeLa 
cell, neuroblastoma [32], rat myoblast [33], rat 



thymocytes  [34], porc ine  neut rophi l s  [35] and hu- 
man  neutrophi ls  [36]. In  cont ras t  to these cell 
types,  Ahn  et al. [37] r epor ted  that  pho rbo l  ester 
inhibi ts  the N a + / H  + an t ipor te r  in r abb i t  p rox-  
imal  colon. Donowi tz  et al. [38] also showed in- 
h ib i t ion  of N a  + and C1- absorp t ion  by  phorbo l  
ester in rat  colon.  The  present  results c lear ly  show 
that,  in the small  intestine,  the N a + / H  + ant i -  
por te r  is inh ib i ted  by  the s t imula t ion  of p ro te in  
k inase  C. It  is very interes t ing that  pho rbo l  esters 
have oppos i te  effects on the N a + / H  + an t ipor te r  
act ivi ty  in in tes t inal  epi thel ia  c o m p a r e d  to o ther  
tissues. There  may  be different  regula t ion  mecha-  
nisms for N a + / H  ÷ an t ipor t  among  tissues. The  
exact  reason for this difference is not  clear, and  
further  studies are needed.  

Ca  2+ is another  impor t an t  in t racel lu lar  mes- 
senger for ion t r anspor t  in the intest ine [23]. In-  
crease in the cytosol  Ca 2÷ concen t ra t ion  itself is 
r epor ted  to inhibi t  the l inked N a  ÷ and C I -  ab-  
sorpt ive  process  in the small  intest ine [39,40]. 
Semrad  and Chang  [25] repor ted  that  in chicken 
enterocytes ,  the inh ib i tory  effects of c A M P  on the 
N a + / H  + an t ipor te r  is med ia t ed  by  Ca 2+. There-  
fore, it should be examined  whether  an increase in 
the cytosol ic  Ca 2+ level affects N a + / H  ÷ ant i -  
po r t e r  activity. In  the present  s tudy,  A23187 d id  
not  affect the cell surface pH,  even in the presence 
of  N a  + in the per fus ion  solution.  This  seems to 
indica te  that  Ca  2+ does not  affect N a + / H  + ant i -  
por te r  act ivi ty direct ly,  at least in the rat  j e juna l  
villus cells. However ,  further  studies are needed  
because  we d id  not  p roduce  direct  evidence that  
A23187 real ly raised the in t racel lu lar  Ca  2+ con-  
cen t ra t ion  in the present  p repara t ion .  

Regu la t ion  of the N a + / H  + an t ipor te r  in the 
small  in tes t inal  villus cells is impor t an t  in the 
cont ro l  of in t race l lu lar  p H  and the cont ro l  of N a  ÷ 
absorp t ion .  The  results  of the present  s tudy indi-  
cate  that  c A M P ,  c G M P ,  and p ro te in  kinase C are 
i m p o r t a n t  in t race l lu lar  media tors  for the regu- 
la t ion of the N a + / H  + an t ipor te r  in the ra t  j e juna l  
villus cells. Regula t ion  of  the N a + / H  + an t ipor te r  
is direct ly  ref lected in the regula t ion  of  acidic 
mic roc l imate  pH.  Therefore,  the t r anspor t  of weak 
acids  or bases,  or H+-coup led  t ranspor t  of  di- 
pep t ides  [41-43],  which are sensit ive to p H  or 
t r a n s m e m b r a n e  p H  gradients ,  could  be regulated 
indi rec t ly  by  these in t racel lu lar  messengers.  
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