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Abstract--1. Phlorizin hydrolase activity has been determined in the in- 
testinal homogenates of ten species. The activity decreased in the following 
order: frog, rabbit, squirrel, rat and monkey. The activity was either very low 
or could not be detected in chicken, pigeon, guinea-pig, goat and human. 

2. The enzyme was optimally active in the pH range 5.0-5.7 in all the 
species investigated except in the squirrel for which the range was 4" 1-4"7. 

3. The distribution of phlorizin hydrolase along the length of the intestine 
was almost similar in rat, rabbit and monkey and maximal activity is found in the 
midgut. 

4. The developmental pattern for phlorizin hydrolase and lactase in rat in- 
testine during growth was found to be markedly different. 

INTRODUCTION 
PHLORIZIN (phloretin-2'-fl-glucoside) is a naturally occurring plant glucoside 
distributed chiefly in root bark, bark, leaves and leaf buds of apple, cherry and 
other trees of the Rosaceae family. The role of this compound as a potent glucose 
transport inhibitor in mammalian intestine has been well documented (Crane, 
1960; Alvarado & Crane, 1964). Recently, pMorizin was observed to undergo rapid 
hydrolysis in the brush borders of hamster intestine (Malathi & Crane, 1969). The 
enzyme catalyzing this hydrolysis was designated as phlorizin hydrolase and the 
available evidence suggested that it was different from lactase. 

Our preliminary studies revealed that the enzyme catalyzing the hydrolysis of 
phlorizin is present in a number of species such as primates, Rodentia, Lagomorpha 
(mammalian class), Neognathae (avian class) and Anura (amphibian class). The 
present paper deals with a comparative study of intestinal phlorizin hydrolase and 
lactase in different species of animals. A study has also been made of the develop- 
ment of lactase and phlorizin hydrolase in the rat during growth. 

MATERIALS AND METHODS 

Chemicals and enzymes 

The following chemicals and enzymes were purchased commercially as indicated: 
phlorizin and lactose from British Drug Houses Ltd., England and o-dianisidine, Tris 
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(hydroxymethyl) amino methane, glucose oxidase and peroxidase from Sigma Chemicals 
Co., St. Louis. Triton xl00 was a gift from Rohm & Haas. 

Other chemicals used were of analytical grade. 

Preparation of homogenates 
Before sacrifice, the animals were anaesthetised with Nembutal and the entire length of 

the small intestine from the pyloric to the ileocaecal end was removed. Human intestine was 
obtained during post mortem. Peroral biopsies of human intestinal mucosa were obtained 
from the region of the ligament of Treitz. In the ease of birds, they were killed by decapita- 
tion and the intestine was removed from the gizzard to the caecal end. The intestines were 
washed thoroughly with ice-cold 1"15% KCI, cut open longitudinally and the mucosa was 
scraped with a blunt knife and approximately 20 per cent homogenates (w/v) were prepared 
in 1"15 % KC1 using a Sorvall Omni-mixer or a Teflon homogenizer. 

For distribution studies, the intestine from the pyloric to ileocaecal end was cut into t e n  
equal segments and homogenates were prepared from the mucosal scrapings obtained from 
each segment. For developmental studies, two young rats which were litter mates of various 
age groups were used and since the intestines were very fragile, they were, after washing, 
directly homogenized in 1"15% KCI. 

Assay of enzymes 
Unless stated otherwise, phlorizin hydrolase activity was assayed by incubating at 

37°C for 60 rain, a reaction mixture (1"0 nil) containing phlorizin (2-5 #moles) and sodium 
acetate buffer, pH 5.4 (50 #moles) and enzyme. After deproteinization with Ba(OH)~ and 
ZnSO4 (Somogyi, 1945) the glucose in the supernatant fraction was estimated according to 
the procedure of Somogyi (1952). The dinitrosalisylate method of Sumner (1924) for re- 
ducing sugars was not suitable because of the interference by phlorizin and its hydrolytic 
product phloretin. For the same reason, the usual Tris glucose oxidase procedure also 
could not be employed (Malathi & Crane, 1969). Lactase was estimated as described 
earlier (Swaminathan & Radhakrishnan, 1967). In chicken intestine, lactase was assayed at 
the optimum pH 3"6, as reported earlier (Siddons, 1969). 

Enzyme unit 
One unit of enzyme activity is defined as the amount of enzyme hydrolysing 1 #mole of 

substrate/min. Specific activity is expressed as milliunits/mg protein. 

Protein determination 
Protein was determined by the method of Lowry et al. (1951) using bovine serum 

albumin as standard. 

RESULTS 

Phlorizin hydrolase and lactase in different species 

The  specific activities of phlorizin hydrolase and laetase in a number  of species 
of the phylogenetic scale are summarized in Table 1. I t  is apparent that the activity 
of phlorizin hydrolase is much  higher in frog, rabbit and squirrel than in rat and 
monkey. In  the case of chicken, pigeon, guinea-pig, goat and human the phlorizin 
hydrolase was either present in traces or not detectable. The  results were con- 
firmed by increasing the incubation time (up to 12 hr.) in the presence of anti- 
biotics to prevent bacterial contamination and checking the activity at pH  values 
of 2-0-7.3, in addition to pH  5.4 which was used for the standard assay procedure. 
Also, it was further verified that there was no endogenous inhibitors of phlorizin 
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T A B L E  I ~ I N T E S T I N A L  PHLORIZIN HYDROLASE AND LACTASE IN VARIOUS SPECIES 

Species Common name 

Specific activity Ratio of 
lactase/ 

Phlorizin pMorizin 
hydrolase Lactase hydrolase 

Rana hexadactyla (2) Frog 
Oryctolagus cuniculus (2) Rabbit 
Funumbulus palnarum (2) Squirrel 
Millardia mettarda (2) Rat 
Macaca radiata (2) Monkey 
Gallus gallus (3) Chicken 
Columba livia (2) Pigeon 
Cavia (6) Guinea-pig 
Hemitragus hyloricus (1) Goat 
Homo sapiens (2) Man 

11"9 2"8 
4"1 9"3 
2"8 10-7 
1"0 6"9 
0"8 18-8 

Traces* 1"6 
Traces* N.D. 

N.D. 4-5 
N.D. 
N.D. 3-0 

0"23 
2"3 
3"84 
7"0 

23"8 

The number of animals 
closely. 

*After 12 hr incubation. 

used is given in parentheses. The two 

N.D.--not detectable. 

values agreed 

hydrolase in the homogenate of the above five species by the mixed homogenate 
technique using active rabbit enzyme. Only traces of the enzyme were detected in 
the chicken and pigeon by these procedures, and no activity was detectable in the 
guinea-pig, goat and human (autopsy and biopsy specimens). However, Malathi & 
Crane (1968) have reported that the enzyme is present in the brush border prepara- 
tions of guinea-pig intestinal mucosa. 

On the other hand, lactase is present in all the species in the following de- 
creasing order: monkey, squirrel, rabbit, rat, guinea-pig, human, frog and chicken. 
In the pigeon, both phlorizin hydrolase and lactase activities are extremely low. 

Lactase levels were always higher than phlorizin hydrolase except in the frog. 
The  ratio of lactase to phlorizin hydrolase is highest in monkey and decreases in the 
following order: monkey, rat, squirrel, rabbit and frog. It  is interesting to note that 
in the frog phlorizin hydrolase activity is roughly four times more than that of 
lactase. 

Optimum p H  for phlorizin hydrolase 

In the five species where considerable phlorizin hydrolase activity was ob- 
served, the pH for optimal activity was determined. There was a broad pH opti- 
mum in the pH range of about 5.0-5.9 in all the species except in the squirrel for 
which the range was 4.1-4.7 (Table 2). 

Distribution of phlorizin hydrolase activity along the length of the small intestine 
Three species, namely rat, rabbit and monkey, were studied and the results are 

shown in Fig. 1. The  distribution pattern in the three animals is somewhat 
different although maximum activities are present, in all three species, in the 
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middle region corresponding anatomically to the jejunum and upper ileum. The 
last two segments comprising the terminal ileum have very low activities in all 
three species. In the first two segments which include the whole of the duodenum 

TABLE 2- -OPTIMUM p H  FOR PHLORIZlN HYDROLASE OF VARIOUS ANIMALS 

pH range 

Frog 4-7-5"9 
Rabbit 5-0-5-9 
Squirrel 4.1-4"7 
Rat 5.1-5"9 
Monkey 5-1-5 "4 

Na-acetate buffer was used in the pH range 2-9-5"9, 
the range 5"9-7.3. 

and K-maleate buffer in 
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FIG. 1. Distribution of phlorizin hydrolase along the length of the intestine in 
monkey, rat and rabbit. The segments are numbered starting from the pyloric end. 
The activities were determined with the homogenate from each segment according 

to the standard procedure described under Materials and Methods. 

and a portion of the proximal jejunum, the difference is quite noticeable. In this 
region, the activity in the case of the monkey is close to its maximal activity in the 
middle region while in the other two species the activities are much lower when 
compared to their respective maximum levels. 
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Development of phlorizin hydrolase and lactase during growth in rats 
The developmental pattern of phlorizin hydrolase and lactase during growth in 

rats is shown in Fig. 2. Phlorizin hydrolase activity is low at birth, reaches a peak 
value in about 20 days after birth and thereafter declines to lower adult levels in 
40 days. In the same rats, lactase activity was found to decline steadily from the 
high levels at birth to low adult levels in 40 days. 
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FIO. 2. Development of phlorizin hydrolase and lactase in the rat during growth. 
Two animals in each age group were studied and both values are given. 

DISCUSSION 
The present report shows the distribution of phlorizin hydrolase among the ten 

species belonging to three classes, namely mamma/s, Ayes and Amphibia. While 
the enzyme is present in all three classes, it is interesting to note that the enzyme is 
present in one species but is missing in another belonging to the same order and 
class. It is virtually absent in the human but is present in the monkey. Similarly, 
in the mammals, rabbit, rat and guinea-pig belonging to the order Rodentia, it is 
absent in the guinea-pig. While the amphibian intestine is very rich in this enzyme, 
the chicken and pigeon belonging to the Neognathae order of the avian class 
showed only traces of phlorizin hydrolase activity. Although it is deai-t.hat the 
presence or absence of this enzyme is not characteristic of any particular class or 
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species, it is not known whether this has any relevance to the dietary habits of a 
particular animal. 

The  distribution of phlorizin hydrolase along the length of the intestine is 
qualitatively similar to that of other disaccharidases reported earlier as in the case 
of monkey lactase and cellobiase (Swaminathan & Radhakrishnan, 1967) and rat 
a-glucosidases like maltase, sucrase, isomaltase and trehalase (Rubino et al., 1964). 

Phlorizin hydrolase and lactase have different developmental patterns in the rat. 
The  results obtained for lactase are in agreement with the earlier reports (Doell & 
Kretchmer, 1962; Rubino, et al., 1964). The developmental pattern obtained by 
Alvarez & Sas (1961) for fl-galactosidase in rat intestine using ortho-nitrophenyl 
fl-galactoside as substrate (assayed at pH 3-5) is also qualitatively similar. Rubino 
et al. (1964) have shown that the development of cellobiase closely followed that of 
lactase and maintained a constant ratio at all stages. They have further reported 
that a-glucosidases like maltase, sucrase, isomaltase and trehalase were either 
absent or very low at birth, and this was maintained throughout the suckling period 
(about 14 days after birth) and then they increased to reach a maximum around 
20 days (weaning period) and thereafter either remained constant or decreased to 
reach the adult level. From these earlier studies, it is evident that the fl-galactosi- 
dase and fl-glucosidase activities are higher in the suckling period and then they 
steadily decline to reach the adult levels. On the other hand, a-glucosidases are 
very low during the suckling period and reach a maximum in the weaning period. 
Phlorizin hydrolase, being a fl-glucosidase, appears to be unique in that it reaches 
a maximum value in the weaning period and then declines to the adult levels in 
40 days after birth. It  is not known whether adrenal cortex influences the de- 
velopmental pattern of this enzyme as it does in the case of invertase (DoeU & 
Kretchmer, 1964) and fl-galactosidases (Koldovsky et al., 1965). 

From inhibition studies with Tris and lactones and from mutual competition 
experiments, Malathi & Crane (1969) concluded that the fl-glucosidase hydrolysing 
phlorizin in hamster intestine is different from lactase. The results from the 
present work also reveal that phlorizin hydrolase may be different from lactase as 
seen in their different developmental pattern. The  lactase to phlorizin hydrolase 
ratio ranges from 0-23 in the frog to 23.8 in the monkey thus showing about a 
hundred-fold difference in the distribution of the two enzymes among the species 
studied. Phlorizin hydrolase and lactase significantly differ in their heat inactiva- 
tion rates in the rabbit intestine. A papain-solubilized preparation on purification 
altered the ratio of lactase to phlorizin hydrolase from the initial 2.3 to 0-8. Sepha- 
dex G-200 gel filtration gave two peaks of phlorizin hydrolase activity. One of the 
peaks showed considerable phlorizin hydrolase activity but very little lactase 
activity which can be preferentially destroyed completely by heat treatment 
(S. Ramaswamy & A. N. Radhakrishnan, unpublished observation). 

Although the possibility that phlorizin hydrolysis and sugar transport may 
share a common site has been ruled out (Malathi & Crane, 1969), it would be 
interesting to study the effect of phlorizin on sugar transport in species like 
the frog which exhibit a very high phlorizin hydrolase activity. 
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