
CLINICAL GASTROENTEROLOGY 

Enprostil lowers elevated serutn 
gastrin concentrations in patients 

with pernicious anetnia 

P KIRDEIKIS, RN, M MANT, MD, L ZUK, D FISI IER, RN, L BYNUM, ABR TI IOMSON, M O, PI ID, FRCPC, FACP 

f KIRDEIKIS, M MANT, L ZUK, D FISHER, L BYNUM, ABR THOMSON. 
Enprostil lowers elevated serum gastrin concentrations in patients with per
nicious anemia. Can J Gastroenterol 1991;5(3):85-90. A double-blind, ran
domized, crossover, placebo controlled study of Latin square design was 
conducted to determine the gastrin-lowering effects of a synthetic orally ad
ministered prosraglandin, enprost il, in fasted and fed patients with hyper
gastrinemia due to pernicious anemia. The study subjects were one male and six 
female pat ients between the ages of 39 and 76 years with known pernicious 
anemia and elevated serum gastrin concentrat ions. In random order pa tients 
received twice daily enprostil 350 µ g bid, enprostil 700 µ g bid and placebo for 
one week, with a one week washout be tween treatment phases. Measurements 
of serum gastrin were performed in the fasting and postprandia l states prior to 
dosing, at the end of each treatment phase, and at the end of each washout phase. 
Enprostil 350 µ g b id lowered elevated fasting gastrin concentra tions, and both 
doses of enprostil lowered the food-stimulated increases in serum gastrin. When 
changes in food-stimulated gastrin concentrations were adjusted for pre-meal 
gasrrin concentrations, there was a consistent dose response between placebo, 
350 and 700 µg enprosti l bid. All patients experienced adverse events while on 
enprostil, particularly on the higher dose; nausea, vomiting, diarrhea and ab
dominal pain were reported most frequently. T hus, enprostil reduced basal and 
food-stimulated gastrin re lease in seven patients wi th pernicious anemia. The 
mechanism of this effect remains to be established , but it is clearly independent 
of an effect on acid secre tion . (Pour resume, voir page 86) 
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ENPROSTIL IS AN ORALLY ADMINIS

tered synthetic prostaglandin ana
logue with gastric an tisecretory and 
mucos::i l protec ti ve properties which 
has hecn shown to he effec tive in the 
treatment of duodenal and gastric ul
cers (1 -6). 

Enprrn.t i I reduces acid ~ecret ion and 
suppresses the release of gastrin fo llow
ing food stimu latio n in normal volun
teers and in patients with duodenal 
ulce rs (7-9). Enprostil may a lso reduce 
hasal or food -st imulated gastrin release 
in r at ient~ wi th an tral G cell hyper
funct ion , Zoll inger-Ellison syndrome 
( LO), and pern ic ious anemia ( 11 ). Per
nic io us anemia is a condition charac
terized by m roph ic gamitis, impaired 
vitamin Bl 2 absorption and ach lor
h ydria. Due to the loss of both parietal 
ce ll function and normal ac id-associ
ated reduct ion in gastrin re lease, most 
patients with this d isorder have chron i
cal ly elevated concent rations of serum 
gastrin. 

T h b study was undertaken to deter
mine the gAstrin- lowering effects of 
cnproscil in patients with pernicious 
anemia. 
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KlRllrlKJS er al 

L'enprostil reduit l'augmentation des taux de gastrine serique 
chez les patients atteints d'anemie pernicieuse 

RESUME: O n a effectuc un essai randomise i'I double insu avec permutation , 
con trolc contre placebo, scion un plan experimenta l en carrc latin. II s'agissait 
de de terminer les proprietes antisecretoires d'un ana logue J e synthese des pros
tagland ines, l'enprostil, administre i'I jeun el apres un repas, i'I des paLients am~ints 
d'une hypcrgastrincmic due a une anemic pernic ieusc. L'cruJe portait sur un 
patient et six patien ces ages de 39 a 76 ans, souffrant d'une ancmie pernic icuse 
connuc er ayant des concentrations elevces de gasrrine serique. Les malades ont 
re~u J eux prises joumalieres Je 350µ g d'en prostil , de 700µg d'enprostil ct d'un 
placebo pendant une semaine, avec une scmaine J'interrupt ion en tre lcs phases 
de rraitement. O n a mcsure la gastrinc seriquc chcz le patient a jeun ct aprcs les 
repas avant d' instituer le traitement, au terme de chaque phase de t raitcment, et 
a la fin de chaque semainc d'inrerruption . L'en prosril admin isLrc a la dose de 
350µg reduisait les raux de concen trations de gastrine mesures a jeun , et les deux 
<loses reduisaient !'augmenta t ion post -prandia lc des taux seriques de ga~trine. 
Q uam! les variations J es caux de gastrine stimulee pa r la nourriture e ta icnt 
ajustees par rapport aux concent rations a jeun, on a note unc relation dose-effet 
constance entre le placebo, 350µ g et 700µ g d 'enprostil. T ous lcs patients sous 
enprosLil ont. ressen ti des effe ts in<lesirables, surtout a la dose de 700µ g: nausees, 
vomissemems, dia rrhee et doulcurs abJominales ont ere le plus frcquemment 
rapportes. A insi, l'enprosti l a inhibe la secretion de gastrine a jeun et stimulee 
par la nourriture ch cz sept patients a tte ints d 'anemie pernicieuse. Le mecanisme 
de cet effet reste a etabl ir mais le medicament semble agir, de route evidence, au 
niveau de la secretion d'acide. 

TABLE 1 
Demographic data 

Age Weight Height Order of treatment administration 
Patient Sex Jxears) (kg) (cm) (drug dose given in ~tg bid) 
l M 76 99.2 171 Enprostil (350) - Pla cebo - Enprostil (700) 
2 F 53 58.0 166 Placebo - Enprostil (700) - Enprostil (350) 
3 F 69 69.0 159 Enprostll (700) - Enprostil (350) - Placebo 
4 F 39 49.0 150 Placebo - Enprostil (350) - Enprostil (700) 

5 F 39 49.0 152 Enprostil (350) - Enprostil (700) - Placebo 

6 66 64.0 157 Enprostil (700) - Placebo - Enprostll (350) 
7 F 71 56.0 159 Placebo - Enprost ll (350) - Enprostil (700) 
Mean 59.0 63.5 159 
Standard 15.4 17.4 7.3 

deviation 

Maximum 39.0 49.0 150 
Minimum 76.0 99.2 17 1 

Pa tient 7 withdrew from the study prema turely due to severe gastrointestinal symptoms whlle toking 
enprostil 700µg bid 

PATIEN TS AND METHOD S 
Study design: This sruJy was a Jouble
blind, ranJomized , c rossover, placeho 
con trolled study of Latin square design. 
Patient popula tion : Seven patients 
with confirmed diagnoses of pernic ious 
anemia (gastric atrophy, megaloblasLic 
anemia or abnormal Schi ll ing's test and 
known hyrergastri nemia) were en 
rolled and ranJ omly ass igned to oral 

treatment with enprost il 350 µg hid, 
enprost il 700 µg hid and placebo for 6.5 
days each in a crossover fashion, with a 
one week washout per iod be tween 
t reatment phases. O ne suhjec t with
drew from d, e stuJy premalllrely due Lo 
severe ga~tro intestinal symptoms (dys
pepsia, nausea ,rnJ vomi t ing) whi le 
rak ing enpn)St il 700 µg biJ. The othe r 
six subjects com pleted all phases of 

treatment and tcsLing. Table 1 shows 
demographic data, indicating that the 
seven pm ienLs ranged in age from 39 lll 
76 years (mean 59) . The order of treat· 
mem l!Jministra tion b also shnwn . 
Schedule of visits and assessment pro, 
cedures: AL the baseline v i~it, a fasLin~ 
blood sample wa~ nbtaincd for serum 
gastrin me;:isurement (8). Following ;1 

sLan<la rdized prmein-containing meal 
(Table 2), blood samples were drawn for 
measurement of food -stimulated gaslrln 
concentrations al 15 and 30 min inter
vals for the next 3 h . Each paLient was 
t hen g iven one of Ll,e three s tudy 
medications anJ was m~truCLed to rake 
it twice daily for one week. At d, is t ime 
measurements of scrum gllstrin were 
repeated. T hese same measurement1 
were repeated at the end of a one week 
washout, at the end of the second phase 
of treatmen t, al the end of another one 
week washout , and finally at d,c end nf 
the third phase of trea tment. 
Statistical me thods: Two diffe rent 
methods were used to calculaLc Lreat
ment effects: the pre trcaunent scrum 
gastrin concentrat ion minus Lhc corres
ponding post treatmem serum gasm n 
concen tration ; or Lhe same as the firM 
methoJ excepr fo r the substitution of a 
change from pre-meal serum gastrin 
concen tration for the co rresponding 
se rum gllstrin concent ration. Method I 
re fl ects the Lreatmc nL effe c ts on 
dec reasing both pre- anJ post meal 
serum gastrin concenLra tions. MeLhod 
2 re flec ts the LreaLmcm effecLs on 
decreasing Lhe elevated serum gastnn 
concentrations Jue to Lhc standarJ 
meal for post meal analyses. 

T he analysis of variance model, 
were run using SAS procedure GLM 
(1 2 ). The mode l statement for the 
th ree period pretreatmem (baseline) 
comparison was of the form: model 
response = PT phase , where PT is a 
class variable indicati ng Lhc eight 
pat ients, and 'phase' is a class variable 
inJicat ing three periods. 

T he model statement for treatment 
comparisons was nf the form: model 
res po me = IT phase TR T , where PT 
anJ 'phase' arc defined as above, anJ 
TRT is a class variable wid1 th ree level, 
indicating Lhe th ree statemcnls. 

Type 111 sums of squares were uscJ 
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for all rests of effects ( 12). U nfortunate
ly, pretreatment serum gastrin con
centrations were nor recorded for 
patient 7 during the first period. To 
calculate the c hange from pre- to post 
treatment serum gasrrin concentrn t ions 
for this patient for the first period, the 
haseline serum gastrin concentrations 
during the second period were used for 
calculation . This wm, the only cxt rn
polation made for missing data. 
Ethical review and informed consent: 
All patients signed an informed consent 
form, and the study was reviewed and 

TABLE 2 
Composition of the standardized meal 

8pproved by an lnstituunnal Review 
Bnard. 

RESULTS 
Efficacy: There was no statistically sig
nificant difference in fas ting o r post 
meal gastrin concen trations at baseline, 
at the two washout periods, or with 
placebo (Tables 3,4). Enprostil 350 µ g 
bid was associated with a decline in t he 
mean value of fasting basal gasrrin con
centrations, whereas both doses of 
enpros1 i I prevented the meal-stimu
lated incre;ise in gastrin concentrn-

Meal Weight (g) CHO {g) Protein (g) Fot(g) Fluid (ml) 

Breakfast A 

Orange muffin' 30.7 2.0 9.5 

Butter/margarine 5 4.0 

Scrambled egg 48 0.4 6.2 5.5 

Bacon (crisp) 10 0.2 2.4 6.2 

Orange juice 15.0 140 

Water or herbal tea 160 

Total 46.3 14.6 21.2 300 

Breakfast 8 

Whole wheat toast 46 21.6 4.8 1.4 

Butter /margarine 16 12.8 

Bacon (crisp) 20 0.4 4.8 12.4 

Jam or 10 7.0 

Jam and 4 28 
sugar 4 4.0 

Orange juice 16.0 100 

Water or herbal tea 200 

Total 51.8 9.6 26.6 300 
·o,ange muffin mix was pre-measured. CHO Carbohydrates 

TABLE 3 
Fasting pre-meal total serum gastrin concentrations (ng/ L) 

Enprostil and hypergastrinemia 

1 ions. The v;:ilues for food -stimulated 
gastrin concentrations in the enprosti 1-
t rcated group were lower than the 
va lues obtained at ba~cline, during the 
two washout periods, or with placebo. 

Table 5 shows the mean chnngc in 
serum gastrin concentrations, repre
senting the difference between con
cemrat inns me,1s11 red nt hi:ts,d ine or 
after washout, a nd concentrntiom 
measured following a week of therapy 
with one of the study drugs. T reatmcnt 
had no sra tisr icnlly s igni ficant in
fluence on pre-meal va lues, bur post 
meal va lues showed greater changes 
with the two active treatment groups 
(enprosttl 350 and 700 µg bid) com
pared to placebo. T his treatment effect 
was sta tistically significant. It is note
worthy that the magnitude of change 
following treatment with enprosri l 350 
µg biJ was greater than that fo llowing 
treatment with 700 µg bid. 

There was no scat b tically significant 
difference hctwccn basal va lues and the 
tWl) washl)Ut values, thereby verify ing 
the vril,dity of washout values as heing 
representative of the baseline state 
(Table 6). 

Table 7 displays the mean changes 
from pretreatment w post treatment 
gastrin com:enrrm ions for each of the 
individual time pn11m at which blood 
sampling was performed. This ana lysis 
ag,iin shows a statist ically significant 
treatment effect at 0.25, 0.75, l. 25 and 
1.75 h. There was also ;i significant 

Measured concentrations From baseline/ washout 

Patient Seguence' Baseline wo, W02 Placebo E3so E7CKJ Placebot E35ot E100§ 

1 Enprostll (350) - Placebo - Enprostll (700) 1464 1792 803 1140 1596 1414 652 -132 -611 

2 Placebo - Enprostil (700) - Enprostil (350) 400 428 556 172 192 340 228 364 88 

3 Enprostil (700) - Enprostil (300) - Placebo 1024 900 952 1328 1024 1920 -376 - 124 -896 

4 Placebo - Enprostll (350) - Enprostil (700) 808 948 780 1692 636 732 -884 312 48 

5 Enprostll (350) - Enprostll (700) - Placebo 2584 2280 1780 1384 1044 2492 396 1540 -212 

6 Enprostll (700) - Placebo - Enprostil (350) 432 724 1184 892 352 180 - 168 832 252 

Placebo - Enprostll (350) - Enprostil (700) ,i 936 466 958 616 -221 320 tt 
Mean 1118.7 1144.0 931.6 1080.9 780.0 1178.7 -24.9 444.6 -221.8 

Standard deviation 819.8 650.7 443.7 484.2 478. l 919.8 513.3 583.9 447.l 

Standard error 334.7 246.0 167.7 183.0 180.7 375.5 194.0 220.7 182.5 

Minimum 400 428 466 172 192 180 -884 - 132 -896 

Maximum 2584 2280 1780 1692 1596 2492 652 1540 252 

'Drug doses ore given in µg bid. 1Boseline or washout value minus placebo value. 1Boseline or washout value minus £350 value. §Baseline or washout 
value minus E7oo value. 'Missing data. • "Patient terminated early. 11 Using washout 1 serum gostrin for missing bosel/ne serum gostrln level. £350 Enprostil 350 
µg bid; /:Joo Enprostil 700 µg bid: W01 First washout: WOi Second washout 
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TABLE 4 
Post meal average total serum gastrin concentrations (ng/ L) 

Measured conc entrations From baseline/ washout 
Patient Seguence' Baseline W01 W02. Placebo E3so E1QQ.._____flacebo t E3so• E100§ 

l Enp rostil (350) - Placeb o - Enprostil (700) 1911.4 1829. l 1734.9 2038.3 1516.6 1337.3 -209.2 394.8 397.6 
2 Placebo - Enprostil (700) - Enprostil (350) 690.3 860.0 781.4 570.9 352.0 274.3 119.4 429.l 585.7 
3 Enprostil (700) - Enp rostil (300) - Placebo 1927.4 2528.6 1924.0 1845.l 1629.l 1861.7 78.9 899.4 65.7 
4 Placebo - Enprostil (350) - Enp rostil (700) 1594.9 1436.6 1329. l 1771.4 1200.0 982.3 - 176.6 236.6 346.9 
5 Enprostil (350) - Enp rostil (700) - Placebo 2826.3 1947.4 2451.4 1954.9 961. l 2004.0 496.7 1865. l -56.6 
6 Enprostil (700) - Pla cebo - Enp rostil (350) 680.6 958.3 804.6 984.6 452.0 174.9 -26.3 352.6 505.7 
7 Placebo - Enprostil (350) - Enp rostil (700) 11 1312.0 1321. l 1536.0 749.7 -224.01 562.3 tt 

Mean 1605.2 1553. l 1478.1 1528.7 980.1 1105.8 8.4 677. 1 307.5 
Stand ard d evia tion 822.3 590.l 605.2 549.8 497.4 775.2 255.8 564.9 252.0 

Stand ard error 335.7 223.0 228.8 207.8 188.0 316.5 96.7 213.5 102.9 
Minimum 680.6 860.0 781.4 570.9 352.0 174.9 -224.0 236.6 -56.6 

Maximum 2526.3 2528.6 2451.4 2038.3 1629. l 2004.0 496.7 1865.l 585.7 
·orug doses are given in rig bid. 1 Baseline or washou t value minus placebo value. t Basellne or washout value minus £350 value. § Baseline or washout 
value minus boo value. ff Missing data . • 'Patient terminated ea rly. tt Using washout 7 serum gastrin for missing baseline serum gastrln level. E350 Enprostil 350 
µg bid; boo Enprost/1 700 µg bid; W01 First washout: WOi Second washout 

TABLE 5 
Mean change in serum gastrin levels 

Pla ceb o 

Enprost ll 350 µg b id 

Enprostil 700 µg bid 
p 

Pre-meal 

-24.9 (513.3 

444.6 (583.9) 

-221.8 (447. l) 

Post meal 

8.4 (255.8) 

677. l (5649) 

307.5 (252.0) 

0.05 0.12 
Change was calcula ted as pretreatment serum gastrin minus post treatment serum gastrin. P value 
was calcu•, ·•ed from analysis of variance testing for equallty of pretreatment minus post treatment 
differences 

TABLE 6 
Mean serum gastrin levels: Basal and post washout (ng/ L) 

Pre-meal Post meal 

Ba sal 1118.7(819.8) 1605. l (822.3) 

Wa shout l 1144.0 (650. 7) 1553.1 (590.1) 

Washout2 93 1.6 (443.7) 1478 0 (605.2) 
p 0.48 0.78 

P value was calculated using analysis of variance for washout validation 

treatment effec t on che peak post meal 
change in gastrin concentrations. 
Again , changes following t reatment 
with enprostil 350 µg bid were greater 
than those recorded following t reat 
men t with 700 µg bid. However, this is 
not the case when changes from pre
meal gascrin concentrat ions a rc ex
amined at each of the individua l pose 
meal time points. The ch anges fro m 
pre-meal to post meal gastrin con
centrations show a consistent n ume ric 
dose response, with greate r changes fol
lowing enprostil 700 versus 350 µ g bid. 
Safety: Five of the six subjects comp let -

ing the study reported compla in ts fo l
lowing treatment with 350 µg bid 
enprosci l, and a ll subjects reported com
pla ints with 700 µ g bid. Gast rointes
t ina l sympto ms predominated with 
nausea, vomiting, diarrhea and a b
dominal pa in appearing most frequent
ly. These symptoms we re occasiona lly 
rated by th e patients as severe more 
ofte n during treatme n t at 700 µ g bid 
t han during treatment a t 350 µg b id. 
Pa tient 7 dropped o ut o f the s tudy 
pre m atu re ly beca use of seve re 
gastrointest inal sympto ms while caking 
enproscil 700 µg bid. 

DISCUSSION 
Oral e nproscil ar doses of 350 anJ 

700 µg bid was effect ive in lowering 
food-s timulated gastrin concen trations 
in seven pat ients with pcrniciou1 
anemia, whe reas the 350 µg bid dose 
was also assoc iated with a lowering of 
the elevated fast ing gascrin concentra· 
tion (T ables 2-6). W hen pretreatment 
minus post treatme nt food-stimulated 
gastrin concentrat ions were compared 
fo llowing creaunem with placebo, 350 
or 700 µ g bid, a sta tistically significant 
t reatmen t effect was present. Numen, 
ca lly, the magn itude of t he difference 
between pre- and pose treatmen t values 
was greater wi th 350 versus 700 µg bi<l, 
indicating apparent lack of a dose 
response effect. However, a statisti cally 
s ign ificanc treatmen t effect was also 
seen when individua l posr mea l time 
points were compared with respect co 
the change from pre- co post treatment 
measuremen ts. Again , values tended to 
be greater for the pre- to post t rea tment 
change following 350 versus 700 µg 
bid. Indeed, a consisten t dose response 
was seen when changes from pre-meal 
ro post meal va lues were compared be
tween the th ree trea tmen t groups. The 
apparent inconsistency in <lo e 
response can be expla ined by the flat 
J ose response between 350 and 700 µg 
bid, suggest ing chat gastrin suppression 
m::iy be nearly max imal at rhe lower 
dose of enproscil. 

Adverse even ts ::i re mild and infre-
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TABLE 7 
Mean change in serum gastrin level 

Plac ebo Enp rostil 350 µg bid Enprostil 700 pg bid p 

Prem ea I -24.9 (513.3) 444.6 (583. 9) -221.8 (447. 1) 0. 12 
0.25h 135.4 (501.6) 812.6 (844.4) 443.0 (308.8) 0.03 
0.75 h 22.3 (399.4) 720.0 (556.3) 541.3 ( 199.3) 0.03 
1.25h -39.4 (285.4) 7 46. 9 (580.5) 355.5 (222.5) 0.02 
1.75h 7.1 (171.3) 662.3 (466.3) 327 .3 (251.2) 0.02 
2.25h - 122.0 (272.8) 678.0 (696 8) 192.7 (423.6) 0.07 
2.75h 102.9 (307.0) 532.3 (544.0) 166.7 (465.0) 0.32 
3.25h -47.4 (199.5) 588.0 (473.3) 126.0(614.1) 0.14 
Peak 273.4 (304.9) 994.3 (723.5) 682.0(76. 1) 0.03 
Change from premeal 

0.25h 160.3 (672.7) 368.0 (746.6) 664.8 (570.4) 0.43 
0.75h 47.1 (576.4) 275.4 (51 4.2) 763.2 (546.6) 0.15 
125h -14.6 (577. 7) 302.3 (550.7) 577.3(417.4) 0.20 
1.75h 32.0(485.7) 217.7(444.3) 549.2 (254.3) 0.14 
2.25h -97. l (558.4) 233.4 (515.8) 414.5 (300.5) 0.24 

2.75 h 127.7 (434.5) 87.7 (397.9) 388 5 (478.3) 0.48 

3.25 h -22.6 (442.3) 143.4(421 .2) 347 .8 (596.0) 0.52 
Peak 298.3 (545.6) 549. 7 (639.1) 903.8 (506.9) 0.20 
Change was calculated as pretreatment serum gostrin minus post treatment serum gostrin. 'Peak' 
denotes peal< during post meal period. P value was calculated from analysis of variance testing for 
equality of pretreatment minus post treatment differences 

qucnr in patients with gastric or 
duodenal ulcers treated with enprost il 
(1,2). Thus, it was surprising that all 
patients in this study developed side 
rffccts from the enprostil; adverse 
events ranged from mild to severe 
(severe enough for one patient tn with
draw from the study). The mechanism 
ot this high rate of adverse effects is 
unclear, since it was not clearly as
sociated with the higher versus the 
lower close of enprosti l, no r wa~ there 
any clear association between preva
lence or severity of side effects and 
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peptides (such as pancreauc polypep
tide [ l6)), which in turn might possihly 
result in d,c adverse events reported in 
these p<1tients. The above suggestions 
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