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Gastr ic  S e c r e t i o n  in the  Rat  F o l l o w i n g  His t id ine  Load ing  

I t  is be l ieved by  some, t h a t  in the  ra t  s tomach,  gastr in-  
induced  gastr ic  secret ion and  h i s t amine  (Hm) release, are 
coupled~-< In  addi t ion,  the re  is an increase in H m  forma-  
t ion  t h rough  gas t r in - induced  ac t iva t ion  of h is t id ine  
decarboxylase  (HdD), the  ra te  l imi t ing  s tep  in I-Im 
synthesis2-4.  Fu r the rmore ,  in the  r a t  oxynt ic  g land area 
(OGA), H m  is p robab ly  p resen t  in several  pools4, 5, a t  
least  one of which  is sensi t ive to  gas t r in - induced  reduct ion.  
(However,  i t  is no t  known  whe the r  H m  is par t i a l ly  reduced,  
or dep le ted  f rom the  pool  following th is  secretagogue).  
We have  previous ly  shown% t h a t  we can increase H m  
levels in the  OGA area in the  r a t  by  giving e i ther  large 
doses of I tm ,  or its i m m e d i a t e  precursor  amino  acid 
L-hist idine (Hd). P r e s u m a b l y  by  these  drugs, t he  gastr in-  
sensi t ive pool is replenished.  We  were in te res ted  in th is  
s tudy,  to see whe the r  gas t r in - s t imula ted  gastr ic  secret ion 
was normal  or no t  af ter  augmen t ing  OGA H m  levels by  
giving a large H d  load. 

Mater ials  and methods, l~{ale Sprague-Dawley  ra ts  7 
weighing 340.8 =k 3.6 g were used. They  were h o u s e d  as 
descr ibed previous ly  s and fed commerc ia l  l abora to ry  
chow 9. 

Gastr ic  secret ion was col lected in 2 h pylorus- l iga ted  
ra ts  s fol lowing a 40 h fast.  Body  weight  pr ior  to the  40 h 
fas t  per iod was Used for the  calcula t ion of drug doses, and  
for calculat ion of gastr ic  secret ion/100 g. Drugs used were 
as follows : L-Hist idine ~01000 mg/kgi .p .  ; p e n t a g a s t r i n  (PG) 
bu ty loxyca rbony l - f l - a l a - t ry -me t -asp -phe  a m i d e n ,  200 ~tg/ 
ml /kg /h  s.c.; 0.85 g/100 1 w./v.  NaC1, 1.0 ml /kg /h  s.c. 
Techniques  of collection and analysis  of gastr ic  secret ion 
have  been descr ibed p rev ious ly<  H m  and  H d D  were 
measured  as descr ibed previously12-1~. 

Results  and  discussion. PG in contro l  ra t s  p roduced  
s ignif icant  s t imula t ion  of gastr ic  secret ion (Table). In  
addi t ion,  PG depressed OGA H m  levels (_P < 0.01) and 
increased OGA H d D  ac t iv i ty  (P  < 0.001). Fol lowing the  
H d  load, PG- induced  secret ion remained  unchanged ;  
however ,  OGA H m  levels were depressed (P  < 0.005) bu t  
H d D  ac t iv i ty  was no t  increased.  

The resul ts  p re sen ted  here  show t h a t  a H d  load of 
1000 mg/kg  can effect ively block PG- induced  ac t iva t ion  
of HdD,  b u t  no t  PG- induced  gastr ic  secretion.  In  addi t ion,  
basa l  gastr ic  secret ion was marg ina l ly  higher,  and  PG- 
s t imu la t ed  gastr ic  secret ion marg ina l ly  lower, a f ter  the  
H d  load. These la t t e r  2 t rends ,  which  occurred for all 

indices of gastr ic  secret ion were no t  s ta t i s t ica l ly  s ignif icant  
however ,  and the  mechan i sms  of p roduc t ion  are no t  clear. 

We have  previous ly  shown t h a t  a large dose of H d  can 
block PG- induced  ac t iva t ion  of H d D  6. I t  is well known 
t h a t  PG is a p o t e n t  s t i m u l a n t  of gastr ic  secretion~% 
which  m a y  act,  according to  some, t h r o u g h  release of 
h i s t amine  ~-3. Release of ra t  OGA H m  by  PG is imposs ible  
to  comple te ly  quan t i t a t e ,  since even wi th  r epea ted  
inject ions  of PG, H m  levels never  fa l l  be low a cer ta in  
ceiling4, ~7 even t h o u g h  gastr ic  secret ion cont inues  to  be 
s t imula ted .  P resen t  t echniques  can n o t  d i sc r imina te  be- 
tween  the  var ious  t issue H m  pools 4, 5, and thus ,  i t  is no t  
clear af ter  giving PG w h e t h e r  t he  PG-sens i t ive  pool has  
been only par t ia l ly  or comple te ly  deple ted  by  the  hormone .  
Since the  H d  load increased OGA H m  stores,  which  are 
released in t u rn  by  PG, t he  failure of PG to  produce  a 
grea ter  gastr ic  secre tory  response  af ter  the  H d  load adds  
fu r ther  evidence to the  t heo ry  t h a t  gas t r in - induced  gastr ic  
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Gastric secretion following pentagastrin (PG) with or without a prior histidine loading 

ttistidine-control NaCI Histidine, 1000 mg/kg 

NaC1 (12) PG (12) P NaC1 (12) PG (12) P 

Gastric juice volume (ml) 1.0 -4- 0.1 

Gastric juice volume (ml/100 g) 0.21 ~2 0.04 

Acid concentration (mEq/1) 63.5 -4- 3.9 

Acid output ([xEq/2h) 18.2 j= 2.1 

Pepsin concentration (mg/ml) 0.50 ~: 0.05 

Pepsin output (mg/2 h) 0.48 • 0.10 

Oxyntic gland area histamine 58.9 :i: 5.2 

Oxyntic gland area histidine decarboxylase < 0.02 

2.8 :J= 0.3 < 0.005 1,2 -4-0.2 2.4 -4- 0.3 < 0.005 

0.81 i 0.07 < 0.001 0.35 • 0.05 0.70 i 0.09 < 0.005 

112.3 :J= 5.1 <0.001 68.2 -E 5.8 106.5 • 4.9 <0.001 

83.6 -t- 10.2 < 0.001 24.5 • 4.9 74.3 ~2 11.0 < 0.001 

0.43 i 0.06 NS 0.52 ~ 0.04 0.40 :~ 0.04 NS 

0.87 -t- 0.07 NS 0.61 :J= 0.08 0.90 :J= 0.09 NS 

43.0 • 4.0 <0.01 78.9 :~4.8 55.4 • 4.1 <0.005 

3.6 :3= 0.8 < 0.001 < 0.02 < 0.02 NS 

Data reported as mean values • SEM. Histidine or Histidine-control NaC1 injected i.p. PG and NaC1 injected s.c. 5 min after the Histidine 
or Histidine-control NaC1, and again 60 min prior to sacrifice (injections given at 5 min and 60 min during the 2 h of pylorus-ligation). His- 
tamine expressed as [.tg/g mueosa and Histidine decarboxylase as pico moles CO2/mg mucosa/h. 
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secret ion is no t  p r imar i ly  med ia ted  th rough  H m  release is. 
The poss ibi l i ty  t h a t  the  absence of PG- induc t ion  of H d D  
could be due to  higtl t issue levels of H d  causing inter-  
ference in the  in v i t ro  assay sys tem has  been  ruled out. 
Similarly, we have  shown t h a t  t he  t r ans i en t  e ther  
anes thes ia  required for pylorus- l igat ion does no t  p r even t  
PG- indnced  ac t iva t ion  of H d D  ~9. 

I t  is now well es tab l i shed  in the  rat ,  t h a t  exogenously  
supplied l i r a  can be t a k e n  up by  the  OGA, and PGA 19, s0. 
In  addi t ion,  large loading doses of the  immed ia t e  pre- 
cursor amino  acid H d  can produce  a similar  increase in 
H m  stores in the  OGA 6, bu t  no t  in the  PGA, since th is  
t issue is low in t I d  deca rboxy la t ing  ac t iv i ty  ~. I t  is no t  
cer ta in  however  into which  pool th is  exogenously  suppl ied 
h i s tamine  is going. 

In  the  OGA up take  is a t  least  par t i a l ly  into the  PG- 
sensi t ive pool, s i n c e  some reduct ion  can be p roduced  by  
th is  ho rmone  (Table). Storage of H m  following the  H d  
load p robab ly  occurs in addi t ion  in the  en te rochromaff in -  
like cell system2~; these  cells have  the  capac i ty  to  t ake  
up precursor  amino acids and decarboxyla te  t h e m  in situ 
to  the  cor responding  amine.  I t  is a lmost  cer ta in  tha t ,  
speculat ively,  the  en terochromaff in- l ike  cell H m  pool, 
and the  PG-sens i t ive  pool, are no t  wi th in  the  same unit ,  
since up take  of p re fo rmed  amine  by  the  en te rochromaff in -  
Iike cells does no t  occur ~, 2~ 

Zusammen[assung. Nachweis ,  dass  P e n t a g a s t r i n  (IC1- 
50123) 200 ~zg/ml/kg/h die Magensaf t sekre t ion  in der  
S h a y - R a t t e  2 h nach  L iga tu r  des Pylorus  erh6ht .  Die 
His t aminspe iche r  des R a t t e n m a g e n s  wurden  reduzier t  
und  l i i s t id indecarboxylase-Akt iv i t~ i t  gesteigert .  Verab-  
re ichung yon  1000 mg/kg  ] l i s t ]d in  e rh6h t  den basa len  
l i i s taminspiege l ,  j edoeh wurde  die His t id indecarboxylase -  
Akt ivi t t t t  be] normale r  Magensaf t sekre t ion  n ich t  durch  
Pen t agas t r i n  induzier t .  
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N e w  Observat ions  in t h e  M e t a b o l i s m  of Morphine .  

During opia te  screening of urines f rom heroin  addicts ,  
spots  were f r equen t ly  no ted  Oil the  t h in - l aye r  ch roma te -  
grams (TLC) corresponding  in Rf  and  iodopla t ina te  
color to  codeine. I t  was bel ieved t h a t  in man,  codeine 
migh t  be formed as t he  O-me thy la t ed  me tabo l i t e  of 
morphine ,  which  had  previous ly  been  observed in ra t s  
and dogs by ELISON and ELLIOTT I. 

In our study, urines from 75 heroin addicts applying for 
admittance into the Acute Detoxification Study Unit at 
San Francisco General Hospital were analyzed for opiates 
according to the method of PARKER et el. 3. 85% of these 
urines which were found to be morphine positive also 
contained codeine. The presence of codeine was established 
by mass speetrometryK The codeine concentration was 
determined in 5 samples by TLC ~ and gas-liquid chroma- 
tography (GLC)~. Codeine was found to be present in 
amounts between 12 and 15% relative to morphine. 

To check whether the codeine in the addict urines was 
arising from codeine-contaminated street heroin, the 
street heroin currently available in the San Francisco 
Bay Area was analyzed by TLC, GLC, and mass spectro- 
metry. The samples showed almost exclusively absence 
of codeine or acetylcodeine. 

These findings make it reasonable to assume that 
codeine is formed as a metabolite of morphine via-0- 
methylation. To demonstrate whether the quantity of 
codeine formed is related to chronic morphine administra- 
tion, the following study was performed on morphine 
tolerant and non-tolerant humans. 

Group i, non-tolerant subjects, Route of administration 
of morphine: oral-subjects AI, A2, 2 male volnnteers, 
each receiving 50 mg morphine sulfate, intravenous- 
subjects 131, B2, 2 aortic-bypass patients, receiving as 
i.v. drip over 30 rain., 180 and 195 mg morphine sulfate. 

Group II, tolerant subjects. Route of administration of 
morphine: oral-subj ect C, male cancer patient, receiving 
for the sixth day, 220 mg morphine sulfatein Schlesinger so- 
lution as daily dose. Intravenous-subjects DI, D2, 2 known 

The F o r m a t i o n  of Codeine f r o m  Morphine  in Man 

heroin addicts, who volunteered to inject heroin. Heroin 
is known to rapidly deacetylate to 6-monoacetylmorphine 
and morphine s . The dose injected was unknown. Urine 
samples supplied before injection and samples of the 
heroin injected served as control for absence of codeine. 

The urines of all subjects were collected for 24 h after 
heroin and morphine administration. In Group 1 (non- 
tolerant subjects), urinalysis for opiates was performed 
according to the above procedures2-K To recover the 
small amounts of codeine observed, the extraction method 
was modified ~ and the extract analyzed as before. Codeine 
was found to be present in all urines of Group i in amounts 
of 0.7-0.9% relative to morphine. No significant diffe- 
rences between oral and i.v. administration were noted. 
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