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Changes in carbohydrate metabolism during patulin toxicosis
studied in chicks
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Abstract

The mycotoxin patulin is found to interfere with the carbohydrate metabolism. Enhanced glycogenolysis,

depletion of glycogen, decrease in rate of glycolysis, activation of HMP pathway and increased gluco-
mogenesis have been observed during patulin toxicosis,

Rey words : Mycotoxin, patulin.

I Introduction

Patulin is a mycotoxin produced by a numter of oiganisms including Penicillium
patufum which are repotted as a2 common food contaminants!. It inhibits the growth
of many organisms®, is carcinogenic when administered subcutaneously to rats® and
Produces teratogenic effects on chick embryos?. The results presented in this paper
‘ncern with the effect of patulin on carbohydiate metabolisn.

5 Materials anq methods

Pﬁiulin was isolated

pat and purified from the concentrated culture filtrate of Penicillium
ulim according

0 the method of Scott and Kennedy®.
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Thirty, a day-old white Leghorn chicks obtained from the Tami
Rescarch Staticn, Madras, were divided into two groups. QOpe o Nady bug,
orally fed with 100 mcg of isolated patulin every 48 hours, while the o hc—i of i,
as control. Both groups weic fed with commeicial chick diet apg walf 00 sy,

ad libitum. At the end of 15th dose 91" administration the birds weye fastedwas G
and killed by a blow on the head. Liver, kidney and intestine were Iemmd“:lﬂg

for biochcmical investigations. f

All the estimations were carried out within 12 hours after sacrificing the 5
The homogenates of the tissues were kept in an ice bath at 0°C whjle in wa T".
alkali extractable carbohydratc and glycogen were extracted and esﬂmaled' byﬁ
method of Morales er al while tissue lactate was estimated by the mni
of Baker and Summerson? and pyruvate by the proceduie of Friedeman apg Hatge:
Glycogen phosphorylase was assaycd by the method of Cornblath?, hexokinaseb;ﬁ
method of Branstrup et al'®, aldolase by the procedwie described by King! Geip
the method of Ells and Kirkman'?, FDPase by the¢ method of Gancedo and Gagegy
and G6Pase by the method of Koide and Oda'. For enzyme assays the tissus x.
homogenised in tris-HCl buffer, pH 7-5 (0-01 M) at 4°C.

3. Results

Table I gives the lcvels of total alkali extractablc carbohydrate, glycogen, lactat
pyruvate in liver, kidney and intestinal tissues from control and patulin-treated chek
From the table it can be seen that the total alkali extractable carbohydrae kwis
seen reduced in experimental birds by 70-5 per cent in liver, 64+0 per cent in k¥
and 63-0 per cent in intestine while the glycogen content is also decieased byt
per cent, 49-0 per cent, 57-5 per cent in liver, kidney and intestine IESPCCﬁVEI?: “
liver lactate level alone is increased by 48 per cent in the case of patuliv.-adll’tiﬂls"TIHE
chicks, whereas there is no change in the pyruvate levels.

Figures 1-6 repiresent graphically the levels of glycogen phosphorylast, be m}ﬁ'
glucose-6-phosphate dehydrogenase, aldolase, glucose-6-phosphatase and [
6-diphosphatase in liver, kidney and intestine of chicks fed with patulin 33 ‘-‘%
with control chicks. From fig. 1, it can be seen that glycogen phosphot I @[3
was increased in liver (52 per cent), kidney (51 per cent) and intestin€ (3 K
of chicks fed with patulin when compared with control chicks.

<) per O
| Th_e decrease in the level of hexokinase obseived in fig. 2 was 42, o andm?ﬁm_q
in lfver, kidney and intestine respeetively. The cnzyme level of GOPP 1
pad 1{1creased in all tissues studied—in liver (28 per cent), kidney (1> et ‘c;n"ﬁ'ﬂ
intestine (50 per cent) while aldolase activity (fig. 4) showed mai ked l.educule'ff-'ls':‘.
(45 per cent), kidney (28 per cent) and intestine (62 per cent). Ele‘.'rated
G6Pase and FDPase (figs. 5 and 6) were observed in patulin-ti cated chicks:
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Tablt‘I i extractable carbohydrate, glycogen, lactate and pyruvate content of liver,
‘qll ¢

Totsl 8IK . testine Of control and patulin-administered chicks (15 doses of 100 meg
; l :
k}d :i{uﬂﬁ on alternate days)
0 e
Total alk. ext Glycogen Lactate Pyruvate
0 S
carpohydrate 3 o
?J __;;5: Control  Test Control Test Control Test
on a
= 03 23-42 30-68 9:-78 5-82 11-45 0-21 0-28
Liver 7§:0, 4 2-86* & 1:68 4 0-82* 4+ 0-38 4 1-26%* 4+ 0:02 4 0-03
i»3.3; 842 6:76 3-48 11-28 12 14 0-26 0-32
Kidney L 906 4 0-86* & 056 k£ 0-26° £ 096 + 1-02 £ 003 002
| Toa46  9-08 9-32 3-96 2:48  3-08 0-16 0-19
{atestine

53 4 1-12% 4+ 085 £ 0.42% £ 032 £ 030 002 00l
=%

Values are expressed as mg/g fresh tissue (mean £ S.D.).
<0001 **P < 0-01.

F . @ p<0.01
: @ % 2 CONTROL
§ qq2 Qoomel I:l
N -{T @ e E’ EH]annmmu
-
9 £ Bk
> o T &= 1
by ° 8 Soo ®
€ | i1l € g

; 3 £ |

i : | N 4 @ N _I_r

M 56 @ g .
” ® 1 ®

0 1t : omz[ 1

b | % ]
Rt 5 L | J
W . TONEY  MNTESTINE
e KICNEY  INTESTINE LIVER i KIDNEY  INTESTINE LIVER

l v ; les of pi-liberated/

Bl itV 1 - micro moles
8 Protein. Wity of glycogen phosphorylase. Activity is expressed as

iy . i G-6-P formed/ms protcin:
iﬁq "ty of hexokinase. Activity is expressed as micCro moles of

Attivity of G6PD. Activity is expressed as units/mg protein.
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4. Discussion

The results indicate that the total carbohydrate and glycogen Jev
and intestine were reduced drastically during patulin toxices;s els
found a similar significant decrease in hepatic glycogen Comﬁ;ﬁ . %
. "y : _ ler fu
doses of aflotoxin B; administration to ducklings. Shankaran ¢; gpue Ve Sy,
the aflotoxin B;-induced glycogen depletion in chick liver could be due SUth
of the glycogen synthetic mechanism. Marked reduction of hepatic (;anlnmt&
panied by an increase of serum glucose was observed in mice treated i"ycﬂgm _
tine!?. Ueno et al’® stated that incorporation of *C-glucose into Ii%“h CYClocg;:
found to be suppressed during such toxicoses. Madiyalakan ang Shanﬂ:ugl}‘-'ﬂm
showed an elevation in blood glucose and a reduction in the 1ate of incog;asum#:'
uC glucese into liver and kidney glycogen of mice treated with patulig SPUIH@,
suppression in the transport of glucose. Uegtsty;

n Jiyey 1.

Our findings suggest that patulin-induced depletion of glycogen in chicks ool -
attributed to the inhibition of glycogenesis as evidenced by decreased hexokimg;
vity (fig. 2) as well as by the acceleration of glycclysis, and as seen by elow:
glycogenphosphorylase activity (fig. 1).

The observed clevation in lactate levels may be due to defective glycolysis ies..
in anaerobiosis. An carlier report had stated that patulin inhibits aerobic resp:
in guinea pig kidney slices and brain homogenates=®. This may lead to anm
rable NAD/NADH ratio which could favour the conversion of pyruvate piodux:
glycolysis to lactate. Suzuki et al** reported a similar increase in liver lactat &
accompanid by depletion of hepatic glycogen in ochratoxin A-treated rats.

The results obtained in the present investigation indicate a significant dituE
in the glucose metabolism. The inciease in glycogen phosphorylase 3 ke m
of glucose metabolism suggested that the glycogen reserve was utilised during PO
Hence the observed increase in glycogen phosphorylase could very well bwmhi
with the drastic reduction in glycogen content of patulin-treated chicks. Al -
study in our laboratory indicated that patulin administration to mice ]‘?d ¢ [;ﬂf
vation cf phosphorylase kinase which in turn leads to increased conversion of
form of the enzyme to the active form in liver tissue®>.

The decreased glycogen levels may be an outcome of a decreased gb’“‘g"zﬁz
as a result of decreased glucose-6-phosphate in the system which in tmg;r;edm“
the decreased hexokinase activity (fig. 2). Another possibility for the O SHe®

1 : £ 35 G : ith the
tion of hexokinase activity 1s that patulin might have interacted with h
of hexokinase?s.

. orgO
Th*}' Tcd_uctlon in aldolase activity (fig. 4) could be attributed_ 10 ;l;imo goi
patulin with -SH groups. Covalent interaction of patulin e
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E1G - & F1G-3 FIG-6 | ’
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Fic. 4. Activity of aldolase. Activity is expressed as micromoles of glyceraldehyde formed/mg protein
Fic. 5. Activity of G6Pase. Activity is expressed as micro moles of Pi-liberated/mg protein.
Fic. 6. Activity of FDPase. Activity is expressed as micro moles of Pi-libcrated/mg protein.

aldolase had also been demonstrated®. It is very interesting to see in our experiment
that while the activity of aldolase is decreased, its substrate fiuctose-1, 6-diphosphate

s acted upon by increased levels of FDPase (fig. 6), an important gluconeogenic
‘Uzyme. Increase in this enzyme is synonymous with increased gluconeogenic

ativity*s and during patulin toxicosis such a situation may result.

S‘The HMP shunt is activated by the observed increase in G6PD _af:tivity (fig. 3)-
% glycogen synthesis is reduced and aldolase activity is also inhibifed glucose-6-

Phosphate is channelled into the HMP pathway.

“T:lfs Overall picture of the derangement in glucose metabolis-m during patulin toxlcloziz

‘and in;;,e‘_i from our experiments may be summarised as: (i) enhanced gly&;‘og;no )l; "

Bexoses onof 8lycogenesis, (ii) slackening of glycolysis, (iii) the §huntlng of phosp
lowards HMPp pathway and (iv) increased glucon€ogencsis.

Am“""'l‘*‘lgii\:nent

HD : W
hanks the University Grants Commission for financial assistance.

LI-Sc.....z



70

References

1. Scort, DE. B.

2. Srorr, W. T. AND
BuLLERMAN, L. B.

3. Dickens, F. AND
Jones, H. E. H.

4. CIEGLER, A.,
BeckWiTH, A. C. AND
JAcksoN, L. K.

5. Scott, P. M. AND
KENNEDY, B.

6. MoraLes, M. A,,

10.

11.

2

I3.

14.

15.

16.

JABBAGY, A. J. AND
Terenzi, H. P.

BAKER, S. B. AND
SuMMERSON, W. H.

FriepeMann, T. E. AND
HauGen, G. E.

CORNBLATH, M.,
RANDLE, P. J.,
PARAMEGGIANI, A. AND
MorGaN, H. E.

BransTRUP, N.,
KIrk, J. E. AND
Bruni, C.

KING, J.

ELLs, H. A. AND
KirkMAN, H. N,

GANCEDO, J. M. AND
GANCeDoO, C.

Koinge, H. AND Opa. T.

SHANK, R. C. AND
WoaGaNn, G. N.

SHANKARAN, R,
Ra), H. G. anp

VENKITASUBRAMANIAM, T. A.

ij. DEVARAJ et al

Mycopathol. Mycol. Appl., 194, 25 213

J. Milk Food Technol,, 1975, 38, 695
Br. J. Cancer. 1961, 15, 85.

Appl. Enviror.. Microbiol., 1976, 31, 664.

J. Assoc. Off. Anal. Chem., 1973, 56, 813.

Neurospora News, 1973, 25, 24,

J. Biol. Chem., 1941, 138, 535.

J. Biol. Chem., 1943, 147, 415,

J. Biol. Chem., 1963, 238, 1592,

J. Gerentol., 1957, 12, 166.

Loo¥

In Practical clinical enzymology, D. Von Norstrand Co.
1965.

Proc. Scc. Exptl. Biol. Med., 1961, 106, 6U7.
Arch. Microbiol., 1971, 76, 132.

Clin. Chim. Acta, 1959, 4, 554.

Toxicol. Appl. Pharmacol., 1966, 9. 468.

Enzymologia, 1970, 39, 371.



18

9 M

CHANGES IN CARBOHYDRATE METABOLISM

M ADIYALAKAN, R. AND

SHANMUGASUNDARAM, E.R.B.

RErss, J.

AsHOOR, S. H. AND
Cuy, F. S

PONTREMOLL, S. AND
Horecker, B. L.

Tokyo J. Med. Sci., 1964, 72, 136.
Sekagaku, 1963, 35, 224,

Arogya-J. Health Sci., 1978, 4, 101,

Comp. Rend. Soc. Biul., 1963, 157, 144,

Toxicol. Appl. Pharmacol., 1975, 32, 116.

Indian J. Expitl. Biol., 1978, 16, {084,

Toxicology, 1977, 8 (1), 121.

Food. Cosmet. Toxicol., 1973, 11, 9935.

In The enzymes, Academic Press, New York, 1971, IV, p. 613

71





