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Summary 

This study was designed to search for a way to inhibi t  pancreatic fibrosis following acute pancreatitis. 
Experimental  necrotizing pancreatit is was induced by a freezing procedure in the pancreas of male 
Wistar rats. After the freezing procedure, the rats were divided into 3 groups: nothing addition was done 
to the control group, while the other 2 groups received daily intraperi toneal  administrat ion of anti~ 
fibrotic substances (colchicine or L-azetidine-2-carboxylic acid (AZC)) for 6 weeks. Pancreatic enzymes in 
the serum were not markedly influenced by administrat ion of antifibrotic substances, and there were no 
differences in the ratios of dry to wet weights of the pancreas between groups with and without these 
drugs. After freezing, the hydroxyprol ine levels in the pancreas of the control group increased from 1 to 
4 weeks and then decreased dur ing  the 5th and 6th weeks. All groups receiving colchicine or AZC ex- 
hibited a significant decrease in the hydroxyproline levels at 2 to 4 weeks compared with the control 
group (P<0.01). Histological examination also showed the inhibi t ion of pancreatic fibrosis, agreeing 
with changes in the hydroxyprol ine levels in groups receiving colchicine or AZC. These results suggest 
that administrat ion of antifibrotic substances, colchicine and AZC, have the possibility of inhibi t ing 
pancreatic fibrosis following acute pancreatitis.  
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I n t r o d u c t i o n  

It  is general ly  thought  that  the character is t ic  

of chronic  pancreat i t i s  1) is an irreversible and  

progressive fibrous pro l i fe ra t ion  in the pan-  

creas. This  fibrosis causes not  only morpholog ic  

a l te ra t ion  bu t  also funct ional  impa i rmen t  in 

the pancreas .  In most pat ients  with acute  pan-  

creati t is ,  the pa thologica l  changes in the pan-  
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creas normal ize  together  with reduct ion  of in- 

f lammat ion ,  but  in 20% or  30% of cases 2) the 

necrot ized parenchyrna  is rep laced  with fibrous 

tissue. However,  at present  there  is no effective 

t r ea tmen t  to reduce this pancrea t i c  fibrosis. 

Hepa t ic  and  pneumonic  fibroses have been 

widely studied3-~). In the former ,  it is thought  

that  as a repai r  mechan i sm in tissue after  suc- 

cessive necrosis of liver cells, f ibrous prol i fera-  

t ion occurs, fundamen ta l ly  s imilar  to wound 

heal ing.  On the other  hand ,  the la t ter  has been 

s tudied f rom the s tandpoin t  of  immunology.  

We invest igated exper imenta l ly  a re la t ionship 

between pancrea t ic  fibrosis and  collagenolytic 
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activity in pancreatic tissue following necro- 

tizing pancreatitis6~. Besides such basic studies 

related to pancreatic fibrosis, there are a few 

studies concerning prevention of or therapy for 

fibrous proliferation in the pancreas after acute 

pancreatitis. In this study, 2 antifibrotic sub- 

stances were administered to rats with acute 

pancreatitis, and their effects on pancreatic 

fibrosis were examined. 

Materials and Methods 

In this study 432 male Wistar rats weighing 

200-250 g and fasting for one day were used. 

Colchicine (Wako Junyaku Co. Osaka, Japan) 
an anti-microtubular drug and L-azetidine-2- 

carboxylic acid (AZC, Sigma Chemical Co. St. 

Louis, U.S.A.) a proline analogue were ex- 

amined concerning their effect on pancreatic 

fibrosis. 

Experimental necrotizing pancreatitis was 

produced by the following procedure. The rats 

received intraabdominal injections (5 mg/100 

g body weight) of pentobarbital sodium and 

underwent laparotomy. The splenic segment of 

the pancreas underwent a freezing procedure 

for 30 seconds at -60~ in a freezing apparatus 

(Cryos-A) using CO2 (Fig. 1). The rats were 

given food ad libitum after this procedure. The 

rats with necrotizing pancreatitis were divided 

Fig. 1. Frozen area in the pancreas. 

into 3 groups, consisting of a group receiving 

colchicine, a group receiving AZC, and a con- 

trol group in which no additional procedures 

had been carried out. Furthermore, the colchi- 

cine group was divided into 3 subgroups. One 

received 0.04, another 0.2, and the third 0.4 

mg/kg body weight of colchicine by injection 

into the abdominal cavity daily for 6 weeks 

from the day the pancreatitis was induced. On 

the other hand, the AZC group was divided 

into 2 subgroups, one receiving 4 and the other 

20 mg/kg body weight of AZC by injection into 

the abdominal cavity daily for 6 weeks. 

Each group was examined as follows at 1-6 

weeks after the onset of acute pancreatitis. Be- 

sides main examinations, the amylase and 

lypase levels in the serum were determined at 1, 

3 and 6 weeks after administration of colchi- 

cine or AZC. In order to determine amylase 

and lypase, blood was taken from the inferior 

vena cava. Amylase was determined by the 

enzymatic method (Amylase test, Wakow), and 

lypase was done by the British antilewsite tri- 

butyrate sodium louryl sulfate-5, 5'-dithiobis 

(2-nitro-benzoic acid) method (BALB-BTNB, 

Lypase kit Dainippon Co. Osaka, Japan). In 
each group, a section of the pancreatic tissue, 

which was taken from a fixed region of the pan- 

creas, was desiccated by freezing for 20 hours at 

-40~ after measurement of the wet weight, 

and the ratio of dry to wet weights of the pan- 

creatic tissue was calculated. Thereafter, hy- 
droxyproline levels in the pancreatic tissue were 

determined by the KISO method of Inayama et 

al.~), a modification of the method of Prochop 

et al. All values were expressed as r dry 

weight of the pancreatic tissue. Furthermore, 

the pancreas was removed before or 1-6 weeks 

after the freezing procedure, and the fibrotic 

changes in the pancreas were evaluated his- 

tologically with hematoxylineosin and azan 

stains. 

All data for each examination was presented 
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as the mean  _+ SD, and the unpa i red  Student 's  

t-test was used for comparison.  

Results 

1. Amylase and lypase levels in serum 

The  mean  (_SD) amylase level in the serum 

of normal  rats was 2858 + 286 Somogyi U / d l  

(n--8), and the mean  (+SD) lypase level in the 

serum of normal  rats was 124.3 + 36.5 BALB 

un i t /0 .05  ml (n=8). As basic examinations,  the 

influence of adminis t ra t ion of colchicine and 

AZC was examined on the amylase and lypase 

levels in the serum of 25 rats without the freez- 

ing procedure (Tab le  1). However these levels 

were not affected by adminis t ra t ion  of any 

amounts  of colchicine or AZC at any week, and  

there was no significant difference among any 

of the levels of each enzyme. There  were no 

marked differences in serum amylase levels at 

any times between rats of the control group and 

normal  rats. The  lypase levels in the serum of 

the control group rose slightly for the period 1 

to 6 weeks, but  there were no significant differ- 

ences in serum lypase levels at any time be- 

tween rats of the control group and  normal  

rats. 

On the other hand,  there were no marked 

differences in serum amylase levels at any time 

between the colchicine groups and  the control 

group, or between the AZC groups and the 

control group (Tab le  2). Both the colchicine 

and  AZC groups exhibited stable levels of amy- 

lase. Furthermore,  there were also no signifi- 

cant  differences in serum lypase levels through- 

out the whole course between colchicine or 

AZC groups and the control group (Tab le  3). 

2. Ratio of  dry to wet weights of  the pancre- 
atic tissue 

The  mean  (+SD) ratio of dry to wet weights 

of the normal  pancreat ic  tissue was 28.6 _+ 

2 .1% (n=8). The ratio of dry to wet weights in 

the control group was 39.1 _+ 5.9% at 4 weeks 

after the freezing procedure,  and  this was sig- 

c~ 

E 

e- 

e- 

e~ 

o6~ 

r  ~ q e q  

m 

~t 
e. 



502 Y. KINAM1 E T  AL. Vol.  21, No.  5 

e~ 

,..., 

go 

e,i 

ee~ u " , l ~ ' q ~  b ' q 6 x l  

./" 

b~ 

e ~  

e., 

q9 

u~ 

go 
e-, 

i 

~ +1 +1 +1 +1 § 

D 

./" 



October 1986 Antifibrotic Treatment of Pancreatzc Fibrosis 503 

6O 

�9 ~ 40 

20 

x normat group 

control J~roup 

0"---0 ~lchic i~ 0.04mg/~l] group 

[~.-,.~ cOlehicine 0.Z0mi(/kg group 

~=-,,.~ colchicine G.40mK/k8 group 

. . . . . . . . .  "r 
..--'" T ~ r  

, ; ~ ~ ~ ~ 
before after freezing procedure (weeks) 

Fig. 2. Changes in the ratio of dry to wet weights of the 

pancreas after the freezing procedure. Each point re- 

presents the mean - S.D. in 8 rats. (comparison be- 
tween colchicine and control group) 

nificantly higher than that of normal  rats 

(P<0.01). The ratios at 5 and 6 weeks were 

similar to that at 4 weeks. The  changes in the 

ratios of  dry to wet weights of  the pancreatic 

tissue in the colchicine groups were similar to 

those changes in the control group,  and there 

were no significant differences between the col- 

chicine groups and the control group (Fig. 2). 

On the other hand,  the ratios of  dry to wet 

weights of  the pancreatic tissue in the AZC 

groups revealed the same changes as those in 

the control group, and there were no signifi- 

cant  differences among these groups (Fig. 3). 
3. Hydroxyproline levels in the pancreatic tis- 

sue 
The  mean (+_SD) level of  hydroxyproline in 

normal  pancreatic tissue was 3.42 • 0.76 

p g / m g  dry weight of  pancreas (n=8). After the 

freezing procedure,  the hydroxyproline level in 

the pancreatic tissue of the control group was 

5.14 • 1.26 p g / m g  (n=8) at 1 week, and signifi- 

cantly higher than the level in normal  pancre- 

atic tissue (P<0.01). Thereafter ,  the levels in- 

creased to 7.56 • 1 . 1 4 / t g / m g  at 2 weeks, 7.58 

_+ 1.26 p g / m g  at 3 weeks and 7.88 _+ 1.48 

/ t g /mg  at 4 weeks, but  declined to 5.04 • 0.69 

~ g / m g  at 5 weeks and 5.14 • 1.12 p g / m g  at 6 

weeks. 
On  the other hand,  the hydroxyproline levels 

6O 
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~ 20 

0 
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Fig. 3. Changes in the ratio of dry to wet weights of the 
pancreas after the freezing procedure. Each point re- 
presents the mean ___ S.D. in rats. (comparison between 
AZC and control group) 

in the pancreatic tissue for the subgroup receiv- 

ing 0.04 m g / k g  colchicine were 3.89 + 0.49 

p g / m g  at 1 week, 5.41 • 0.40 p g / m g  at 2 

weeks, 5.59 - 0.36 p g / m g  at 3 weeks and 5.71 

_+ 0.47 p g / m g  at 4 weeks, being significantly 

lower than those of the control group, except at 

1 week (P<0.01). But the levels at 5 and 6 

weeks were 4.29 + 0.37 p g / m g  and 4.72 + 0.29 

p g / m g  respectively, and there were no signifi- 

cant  differences between this subgroup and the 

control group (Fig. 4). Levels in the subgroup 

employing 0.2 m g / k g  colchicine were 4.42 --- 

0.36 p g / m g  at 1 week, 5.03 • 0 . 6 8 / t g / m g  at 2 

weeks, 5.77 • 0.78 p g / m g  at 3 weeks and 5.20 

- 0.66 p g / m g  at 4 weeks, being significantly 

lower than those of  the control group, except at 

1 week (P<0.01). However levels at 5 and 6 

weeks were 4.73 • 0.64 p g / m g  and 4.66 _+ 0.37 

/.tg/mg respectively, and there were no signifi- 

cant  differences between this subgroup and the 

control group. Levels in the subgroup employ- 

ing 0.4 m g / k g  colchicine were 4.61 • 0.62 
p g / m g  at 1 week, 3.78 _ 0.27 p g / m g  at 2 

weeks, 4.63 + 0.43 p g / m g  at 3 weeks and 4.59 

--- 0.57 p g / m g  at 4 weeks, being significantly 

lower than those of  the control group, except at 

1 week (P<0.01). But the levels at 5 and 6 

weeks were 4.36 + 0.32 p g / m g  and 4.16 • 0.42 
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Fig. 5. Comparison of hydroxyproline levels in the 
pancreatic tissue after the freezing procedure between 
AZC groups and the control group. Each point repre- 
sents the mean _+ S.D. in 8 rats. 

Fig. 6. Histological findings of the pancreas 4 weeks after the freezing procedure (azan stain, xl00). A: 
The pancreas of the control group revealed a strong fibrosis and a mild adipose tissue. B: The 
pancreas of a colchicine group at receiving 0.2 mg/kg/day exhibited a mild fibrosis and adipose 
tissue. C: The pancreas of AZC group, receiving 4 mg/kg/day of it, also indicated a mild fibrosis 
and adipose tissue. 

p g / m g  respec t ive ly ,  a n d  t h e r e  were  n o  signif i-  

c a n t  d i f fe rences  b e t w e e n  th i s  s u b g r o u p  a n d  t h e  

c o n t r o l  g r o u p .  

T h e  h y d r o x y p r o l i n e  levels in  t he  p a n c r e a t i c  

t issue of  t he  s u b g r o u p  e m p l o y i n g  4 m g / k g  A Z C  

were  3.91 + 0 .49  p g / m g  a t  1 week,  4 .29  _ 0 .82  

/ ~ g / m g  a t  2 weeks,  5 .85  - 0 .30  p g / m g  a t  3 

weeks a n d  5 .58  - 0 .40  p g / m g  at  4 weeks,  b e i n g  

s ign i f i can t ly  lower  t h a n  those  o f  t h e  c o n t r o l  

g r o u p ,  e x c e p t  a t  1 week  ( P < 0 . 0 1 ) .  B u t  t h e  

levels a t  5 a n d  6 weeks  were  4 .32  _+ 0 .36  p g / m g  

a n d  4 .39  _+ 1.87 p g / m g  respec t ive ly ,  a n d  t h e r e  

were  n o  s i g n i f i c an t  d i f f e rences  b e t w e e n  th i s  

s u b g r o u p  a n d  t h e  c o n t r o l  g r o u p  (F ig .  5). T h e  

levels in  t h e  s u b g r o u p  e m p l o y i n g  20 m g / k g  

AZC were  4 .33  _ 0 .36  B g / m g  at  1 week,  5 .36  + 
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0.64 pg /mg  at 2 weeks, 4.48 + 0.90 pg /mg at 3 

weeks and 3.93 -+ 0.58/2g/mg at 4 weeks, being 

significantly lower than those of the control 

group, except at 1 week (P<0.01). However the 

levels at 5 and 6 weeks were 4.16 _ 0.37 Bg/mg 

and 4.11 _-4- 0.42 pg /mg  respectively, and there 

were no significant differences between this 

subgroup and the control group. 

4. Histological changes in the pancreat ic  tis- 

sue 

To carry out histological examinations, 111 

rats were sacrificed. In the control group, 

necrosis of acinar cells, infiltration of the in- 

flammatory cells, increased pancreatic ductules 

and fibrous proliferation were obviously ob- 

served in frozen sections obtained 1 week after 

freezing. On the other hand, the colchicine 

group also exhibited fibrous proliferation at 1 

week, but its grade was mild compared with the 

control group. The AZC group also revealed 

the same findings as the colchicine group. In 

the control group, these fibrous proliferations 

advanced markedly in the period from 2 to 4 

weeks, while there were reductions of the 

necrotic area, inflammatory cells and pancre- 

atic ductules. On the contrary, colchicine and 

AZC groups revealed further inhibition of 

fibrous proliferation in the same period (Fig. 

6). However, in both the colchicine and AZC 

groups the intensity of inhibition of fibrosis was 

not affected by administered amounts of these 

substances. Thereafter, in all groups the 

fibrous tissue and pancreatic ductules began to 

decrease, and fatty tissue increased gradually. 

There was no difference in the histological find- 

ings among any of the groups at 6 weeks. 

Discussion 

Acute pancreatitis is one of the causes of ir- 

reversible chronic pancreatitis, and there are 

many reports ~,2) about this subject. In general, 

it is mentioned that irreversible and progressive 

pancreatic fibrosis occurs as a result of inflam- 

mation in the pancreas, being due to various 

causes, and is accompanied by morphologic 
and functional changes in the pancreas. Pan- 

creatic fibrosis observed after pancreatitis is a 

serious clinical problem, but there have been 

few studies concerning the etiology and inhibi- 

tion of fibrosis. 

Although it is not easy to experimentally in- 

duce pancreatic fibrosis for clinical investiga- 

tion, models of pancreatitis have been de- 

veloped by various methods. We also developed 

a rat model of necrotizing pancreatitis by con- 

tact freezing and observed changes in pancre- 

atic fibrosis6). In this study, the contact freezing 

method was used because it is certain that 

fibrous proliferation in the pancreatic tissue 

will follow within a relatively short term. 

Hydroxyproline, one of the characteristic 

amino acids of which collagen protein is com- 

posed, exhibits a constant ratio in collagen. 

Therefore, this level could indicate the amount 

of collagen. In order to determine the hydroxy- 

proline level in pancreatic tissue as an index of 
pancreatic fibrosis after experimental necrotiz- 

ing pancreati t is ,  Prockop-Udenfre ind 's  
method 8) and Nauman's method 9) are used in 

Japan. However, we employed the KISO 
method of Inayama et al.7) because it is a sim- 

pler method to obtain reliable data. After the 

freezing procedure, the hydroxyproline levels 

increased for 4 weeks, but decreased thereafter. 

The change in these levels was similar to their 

changes in pancreatic tissue reported previous- 

ly6), and agreed with histological changes. 

To observe the development of pancreatic 

fibrosis and to search for a possible way to in- 

hibit it, we administered antifibrotic substances 
that have an influence upon each step in col- 

lagen synthesis, to rats with necrotizing pan- 

creatitis. Colchicine was used as one of these 

substances. It is known that colchicinO0-12), an 

anti-microtubular drug, inhibits collagen bio- 

synthesis and interfers with the transport of col- 
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lagen precursors to extracellular space. Fur- 

thermore, this d rug  is also considered to act on 

the existing collagen fiber and reduce its 
amount4A3). On the other  hand, AZC14-16), a 

proline analogue that  competes with proline 

for transport and acylation of proline-specific 

transfer-RNA, was also examined. 

It is impor tant  to examine any influences 

caused by administrat ion of  antifibrotic sub- 

stances on exocrine pancreas, especially those 

that accompany acute pancreatitis. At first, the 
influences of colchicine or AZC were studied on 

the exocrine enzymes in the serum of normal  

rats. As a result, no influence caused by these 

substances were observed. After the freezing 

procedure in rat pancreas,  examination of  the 

levels of  serum exocrine enzymes showed that  

their levels in the control, colchicine or AZC 

group were similar to those in normal  rats, and 

there were no significant differences in changes 

occurring among  these groups. Furthermore,  

the changes in exocrine enzymes were not 

affected by the amounts  of these substances ad- 

ministered. Accordingly, these results indicate 

that the antifibrotic substances have no marked 

influence on the exocrine pancreas. 

The  amount  of  water included in the tissue is 

almost constant in each organ. The  histological 

changes in the pancreas were inferred accord- 

ing to examinat ion of  the amount  of  water in 

the pancreatic tissue at all time periods. The  

ratio of  dry to wet weights of the pancreas was 

30% in normal  tissue, but  exhibited a mild re- 

duction at 1 and 2 weeks after the freezing pro- 

cedure. Therefore,  edema in tissue was as- 

sumed to be present at these times. The  ratio 

reached approximately 40% after 4 weeks. 

From histological findings observed previously 

by us 6) or recognized similarly in this study, it 

was presumed that  this result was due to a de- 

crease of  parenchyma cells, fibrous prolifera- 

tion and increase in fatty tissue appearing after 

3 weeks. The  colchicine and AZC groups also 

revealed the same changes in ratios as those ob- 

served in the control group. 

The hydroxyproline levels in pancreatic tis- 

sue of all groups were determined for 6 weeks 

after the freezing procedure.  As a result, the 

levels in colchicine or AZC groups were signifi- 

cantly lower for 4 weeks than those in the con- 

trol group. On the other hand, a histological 

examination was performed on all groups dur- 

ing the same period. The grades of  fibrous pro- 

liferation were histologically slight in groups 

treated with antifibrotic substances, which was 

in accord with the changes of  hydroxyproline 

levels in these groups. Rojking et al. as) adminis- 

tered colchicine to rats with injured livers, 

which had been chronically treated with car- 

bon tetrachloride, and recognized a reduction 

in collagen biosynthesis and an improvement  in 

some liver-function tests. Furthermore,  they 

mentioned that  an antifibrotic effect was ob- 

tained in cirrhotic patients by administrat ion 

of this drug.  On the other hand, Kershenobich 

et al. ]7) administered AZC to rats with livers in- 

jured by carbon tetrachloride, and reported an 

inhibition of  hepatic fibrosis and an improve- 

ment in liver-function tests. In our  experi- 

ments, an antifibrotic effect due to the ad- 

ministration of  these substances was also ob- 

served in pancreat ic  tissue after the freezing 

procedure.  However, there were no obvious 

differences in the reduced grades of hydroxy- 

proline levels or in the inhibited grades of  

fibrous proliferation when compar ing  the ad- 

ministered amounts  of  both drugs. From these 

results obtained in our study, it is suggested 

that there is a possibility for the clinical appli- 

cation of  both colchicine and AZC, because 

these drugs produce an inhibition of  pancreatic 

fibrosis and no apparent  injury to the pancre- 

atic function. 

References 

1) Baggenstoss AH: Pathology of pancreatitis, in "Pan- 



October 1986 Antifibrotie Treatment of  Pancreatic Fibrosis 507 

creatitis" edited by Gambill EE, CB Mosby Co, Saint 
Louis, 1973, p 202 

2) Sato T, et al: Chronic pancreatitis, in "Pancreatic Dis- 
ease" edited by Yamagata K, Kanahara Co, Tokyo, 

1976, p 209 (Jpn) 
3) Rojkind M, et al: Colchicine and the treatment of liver 

cirrhosis. Lancet 6: 38, 1973 
4) Kershenobich D, et al: Treatment of cirrhosis with 

colchicine, a double-blind randomized trial. Gastro- 
enterology 77: 532, 1979 

5) Snider GL: Interstitial pulmonary fibrosis which cell is 
the culprit? Am Rev Resp Dis 127: 535, 1983 

6) Kinarni Y, et al: Pancreatic fibrosis and collagenolytic 
activity following acute pancreatitis in the rat. J Kana- 
zawa Med Univ 9: 187, 1984 

7) Inayarna S, et al: A new microanalytical method for 
determination of bydroxyproline in connective tissue. 
KeioJ Med 27: 43, 1978 

8) Prockop DJ, et al: A specific method for the analysis of 
hydroxyproline in tissue and urine. Anal Biochem 1: 
228, 1960 

9) Neuman R, et al: The determination of hydroxypro- 
line. J Biol Chem 184: 299, 1950 

10) Diegelman R, et al: Inhibition of collagen secretion 
from bone and cultured fibroblasts by microtubular 
disruptive drugs. Proc Natl Acad Sci USA 69: 892, 

1972 
11) Ehrlich HP, et al: Microtubules in transcellular move- 

ment of procollagen. Nature New Biol 238: 257, 1972 
12) Ehrlich HP, et al: Effects of antimicrotubular agents 

in the secretion of collagen. A biochemical and mor- 
phological study. J Cell Biol 62: 390, 1974 

13) Rojkind M, et al: Effect of colchicine on collagen, 
albumine and transferrin synthesis by cirrhotic rat 
liver slices. Biochim Biophys Acta 378: 415, 1975 

14) Takeuchi T, et al: Biosynthesis of abnormal collagens 
with amino acid analogues. I. Incorporation of L- 
azetidine-2-carboxylic acid and cis-4-fluoro-L-proline 
in to  protocollagen and collagen. Biochim Biophys 
Acta 175: 142, 1969 

15) Takeuchi T, et al: Biosynthesis of abnormal collagens 
with amino acid analogus. II. Inability of cartilage 
cells to extrude collagen polypeptides containing L- 
azetidine-2-carboxylic acid or cis-4-fluoro-L-proline. 
Biochim Biophys Acta 175: 156, 1969 

16) Uitto J, et al: Incorporation of proline analogues into 
polypeptides. Effects on the production of extracellu- 
lar procollagen and on the stability of the triplehelical 
structure of the molecule. Biochim Biophys Acta 336: 
234, 1974 

17) Kershenobich D, et al: Effect of the administration of 
L-azetidine-2-carboxylic acid on albumin and trans- 
ferrin biosynthesis by liver slices of rats treated with 
carbon tetrachloride. Biochim Biophys Acta 319: 216, 
1973 


