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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- 
neogenesis have been observed during patulin toxicosis. 
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1. Introduction 

Patolin is a mycotoxin produced by a numter of ot ganisms including Penieillium 
Pawn which are repotted as a common food contaminants'. It inhibits the growth 
of many organisms 2, is carcinogenic when administered subcutaneously to rats 3  and 
Produces teratogenic effects on chick embryos'. The results presented in this paper 
emern with the effect of patulin on carbohydiztte metabolism. 

2. Materials and methods 

Pamir' 
 was isolated and purified from the concentrated culture paruktm 

according to the method of Scott and Kennedr. 
filtrate of Peniciffium 
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Thirty, a day-old white Leghorn chicks obtained from the Tanui nadu  
Research Station, Madras, were divided into two groups. One group ofb.kki 
orally fed with 100 mcg of isolated patulin every 48 hours, while the 

°tiler groulkis t as control. Both groups were fed with commercial chick diet and water wasP sl.., 
ad libitum. At the end of 15th dose of administration the birds were fasted ov 
and killed by a blow on the head. Liver, kidney and intestine were remov ed ei-lg 
for biochemical investigations. 	 calk 

AU the estimations were carried out within 12 hours after sacrificing the a
nj  

The homogenates of the tissues were kept in an ice bath at 0 °C while in use, 
alkali extractable carbohydrate and glycogen Wen extracted and estimated by 
method of Morales et al6, while tissue lactate was estimated by the R4 
of Baker and Surrunerson 7  and pp uvate by the procedui e of n iedeman and Haug 
Glycogen phosphorylase was assayed by the method of Cox nblatle, hexokinase 
method of Branstrup et Wu', aldolase by the procedur e described by King 1',G6Thi 
the method of Ells and Kirkman' 2, FDPase by the method of Gancedo and Quoit; 
and G6Pase by the method of Koide and Oda' 4 . For enzyme assays the tissues It: 
homogenised in tris -HC1 buffer, pH 7.5 (0.01 M) at 4° C. 

3. Results 

Table I gives the levels of total alkali extractable carbohydrate, glycogen, lactate* 
pyruvate in liver, kidney and intestinal tissues from control and patulin-treated chi*. 
From the table it can be seen that the total alkali extractable carbohydrate leRla 
seen reduced in experimental birds by 70-5 per cent in liver, 64.0 per cent in ticiP 
and 63M per cent in intestine while the glycogen content is also decreased by 611  
per cent, 49•0 per cent, 57.5 per cent in liver, kidney and intestine respectrielkli 
liver lactate level alone is increased by 48 per cent in the case of patulin-adirog n  

chicks, whereas there is no change in the pyruvate levels. 

, Figures 1-6 represent graphically the levels of glycogen ph 	ftexokips osphorylase ,  
glucose-6-phosphate dehydrogenase, aldolase, glucose-6-phosphatase and bat', 
6-diphosphatase in liver, kidney and intestine of chicks fed with Patulin as coma; 

with control chicks. From fig. 1, it can be seen that glycogen phospholYW e  r  
was increased in liver (52 per cent), kidney (51 per cent) and intestine (3 5  Pe  
of chicks fed with patulin when compared with control chicks. 

A 	r 
The decrease in the level of hexokinase observed in fig. 2 was 42,45311u-taco° 

in liver, kidney and intestine respeetively. The enzyme level Of e Gfeept)Oi  
had increased in all tissues studied in liver (28 per cent), kidney ( 1)14 „.00.45  
intestine (50 per cent) while aldolase activity (fig. 4) showed mar ked red uct !  
(45 per cent), kidney (28 per cent) and intestine (62 per cent). Elevated to 
G6Pase and FDPase (figs. 5 and 6) were observed in patulin-treated chicks. 

: o 
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Table I Tots1 alkali extractable carbohydrate, glycogen, lactate 
idney and intestine of control and patulin-administered 

kof 
pattilin cal 

alternate days) 

and pyruvate content of liver, 
chicks (15 doses of 100 mcg 

9 . 78 
± 0. 82* 

3'48 
± O. 26* 

3. 96 
± 042' 

Control 	Test 

Total alk. ext. 
carbohydra te  

Ver 

Kidney 

Intestine 

Control 

78-03 
± 8. 02 

23-35 
-1- 2 -  06 

24.46 
± 2.58 

Test 

23.42 

± 2.86* 

a 	8.42 
± 0.86* 

9-08 
± 1-12* 

Glycogen 

30. 68 
± 1. 68 

6. 76 
± O. 56 

9-32  
± 0-85 

a■• •■•■••• ■•• a•■•-■• s■,-e.••■• 

Control Test Control Test 

5. 82 11.45 0•21 0.28 
± 0.38 ± 1.26** ± 0•02 ± 0.03 

11.28 12 14 0.26 0-32 
± 0.96 ± 1.02 ± 0-03 ± 0.02 

2- 48 3. 08 0-16 019 
± O .  32 ± 0-30 ± 0.02 ± 0-01 

Lactate 	 Pyruvate 

Values are expressed as mgig fresh tissue (mean ± S.D.). 

sp <0.001 ; "P < 00l. 

f 	01 

INTE STI NE 

LIVE! 	KIDNEY 	WEST I NE 	LIVER 

FIG. 1. 
Activity of glycogen phosphorylase. int Protein. 

FIG. 2. Activit y of hexokinase. Activity is expressed as micro moles of G-6-P formed/mg 
3' Activity of G6PD. Activity is expressed as units/mg protein. 

KIDNEY 
	I NT EST1NE 
	LIVER 

Activity is expressed as micro moles of Pi-liberated/ 

protein. 
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4. Discussion 

due t  

The results indicate that the total carbohydrate and glycogen i eveis in i.  
and intestine were reduced drastically during patulin toxicosis. sh ank anvettiiere  
found a similar significant decrease in hepatic .  glycogen content after five lifr,IIVetL:  
doses of aflotoxin B 1  administration to ducklings. Shankaran et am stigass-ww 4 .,  

o an 
the aflotoxin Brinduced glycogen depletion in chick liver could be 
of the glycogen synthetic mechanism. Marked reduction of hepatic g ycogenrittt 
panied by an increase of serum glucose was observed in mice treated with eye:th: 
tine". Ueno a 08  stated that incorporation of "C-glucose into liver gl ycogen ' 
found to be suppressed during such toxicoses. Madiyalakan and Shanmugasundar! 
showed an elevation in blood glucose and a reduction in the late of incorpora tior: 
'C glucose into liver and kidney glycogen of mice treated with patulin sugni zi 
suppression in the transport of glucose. 

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

The observed elevation in lactate levels may be due to defective glyeolysis La. 
in anaerobiosis. An earlier report had stated that patulin inhibits aerobic iespir.: 
in guinea pig kidney slices and brain homogenates::°. This may lead to ant 
rable NADJIMADH ratio which could favour the conversion of pyruvate 
glycolysis to lactate. Suzuki et a/21  reported a similar increase in liver Watt 

accompanid by depletion of hepatic glycogen in ochratoxin A-treated lats. 

The results obtained in the present investigation indicate a significant &snit, 
in the glucose metabolism. The incr ease in glycogen phosphorylasel a key 519  
of glucose metabolism suggested that the glycogen reserve was utilised during ton': 
Hence the observed increase in glycogen phosphorylase could very well be al: 

with the drastic reduction in glycogen content of patulin-treated chicks. Al oc, 
study in our laboratory indicated that patulin administration to mice led tel.no  
vation of phosphorylase kinase which in turn leads to increased conversion 
form of the enzyme to the active form in liver tissue 22. 

n syr 
The decreased glycogen levels may be an outcome of a decreased glYog e"as iN: 

as a result of decreased glucose-6-phosphate in the system which in turn reti  
the decreased hexokinase activity (fig. 2). Another possibility for the obseer 
ti 	

s7eic 

on of hexokinase activity is that patulin might have interacted with the  
of hexokinase. 

interictifj : 
The reduction in aldolase activity (fig. 4) could be attributed to t

he 
o)  ot 

patulin with -S1-1 groups. Covalent interaction of patulin with 3 
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1St 	KIDNEY 	94-rasitit 	LIVER 	K IDNEY 	INTESTINE 	 LIVER 	KIDNEY 	INTESTINE 

FE. 4. Activity of aldolase. Activity is expressed as micromoles of glyceraldehyde formed/mg protein 
FE. 5. Activity of G6Pase. 	Activity is expressed as micro moles of Pi-liberated/mg protein. 
FIG. 6. Activity of FDPase. 	Activity is expressed as micro moles of Pi-liberated/mg protein. 

aldolase had also been demonstrated 24 . 	It is very interesting to see in our experiment 
that while the activity of aldolase is decreased, its substrate ft uctose-1, 6-diphosphate 
is acted upon by increased levels of FDPase (fig. 6), 	an 	important 	gluconeogenic 
enzyme ; 	Increase 	in 	this 	enzyme 	is 	synonymous 	with 	increased 	gluconeogenic 
activaT5  and during patulin toxicosis such a situation may result. 

The HMP shunt is activated by the observed increase 
Since glycogen synthesis is reduced and aldolase acthity 
Phosphate is channelled into the HMP pathway. 

in G6PD activity (fig. 3). 
is also inhibited glucose-6- 

The 	picture of the derangement in glucose metabolism dut ing patulin toxicosis as x 
Observed eyed from our experiments may be summarised as: (i) enhanced glycogenolysis and 
uibibitton 

ha 	ses 
of glycogenesis, (ii) slackening of glycolysis, (iii) the shunting of phospho- 

.eo towards HMP pathway and (iv) increased gluconeogenesis. 
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