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SUMMARY 

Phlorizin was administered by oral and intraperitoneal routes to rats prepared 
with cannulated mesenteric lymph ducts. Oral phlorizin (fed with glucose by stomach- 
tube) depressed the uptake of fed glucose into both blood and lymph. No inhibition of 
water transport occurred while glucose transport was decreased, yet very high levels 
of oral phlorizin (220/,moles) would block water transport to lymph from the intestine. 
lntraperitoneally injected phlorizin did not show an effect on glucose transported by 
lymph or blood, but did promote glycosuria. Typical findings are presented in the text. 

INTRODUCTION 

The effect of protein inhibitors on lymph protein concentration l and absorption 
of amino acids ~ into mesenteric lymph system has been followed. The inhibitory effect 
of phlorizin on intestinal glucose absorption has been known for many years; most 
recent studies have been on in vitro effects ~-5. Brush border membrane fragments have 
been isolated and phlorizin was shown to have a much greater affinity than the natural 
substrate, glucose, for the carrier*. 

The studies of phlorizin effects on glucose absorption directly from the small 
intestine in the animal have been limited to in situ studies on an anesthesized animal 7. 
We utilized rats with cannulated mesenteric lymph ducts to investigate the effects of 
phlorizin administered orally and intraperitoneally on glucose and water absorption 
from the intestine. This provided a means to follow [14C~glucose transported directly 
from the intestinal lumen and also to follow the effects on blood and urine glucose 
levels simultaneously. 

-METHODS AND MATERIALS 

Surgical preparation 
Male rats of Sprague-Dawley oi igin (supplied by Simonsen Laboratories, White 

Bear, Minn.) weighing 225-275 g and maintained on Purina Laboratory Chow were 
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used. Tile mesenteric lymph duct was cannulated in a manner similar to that  described 
by BOLLMAN el al. 8. After surgery, the rats were placed in a restraining cage and fasted 
for 24 h before carrying out an experiment. Water  was made available to the animals 
ad libitum. 

Phlorizin studies 
Phlorizin was purchased from Mann Research Laboratories (New York, N.Y.). 

In the orally administered phlorizin experiments, 25 ° mg D-glucose plus 5 k tC 'L)4Cjg lu- 
cose (in a total volume of 2 ml) was fed by stomach-tube to each rat. Phlorizin was 
added to this solution in amounts ranging, from o.o94 to 94.0 mg or 0.22 to 220/~moles. 
The higher phlorizin concentrations were administered as a suspension due to solubili- 
ty characteristics of phlorizin. 

The effects of intraperitoneally injected phlorizin on glucose absorption into 
mesenteric lymph was studied at a dosage of 4oo mg/kg body weight. The phlorizin 
was injected as a suspension in 2 ml of saline. In all phlorizin experiments, glucose 
concentrations and radioactivity were followed in mesenteric lymph, tail blood, and 
urine before and after feeding the test meal. 

Glucose assay 
Glucose was assayed enzymatically on protein-free solutions using the Glucostat 

system purchased from Worthington Biochenlieal Corp. (Freehold, N.J.). Radioactivi- 
ty  measurements were made using a liquid scintillation spectrophotometer 2. Radio- 
activity was found to be more than 9 8 oo in the glucose R~, fraction by using paper 
chromatography. 

RESULTS AND DISCUSSION 

Glucose distribution (blood and lymph) 
In order to determine the relationship between glucose in tile mesenteric lymph 

and hepatic portal blood draining tile intestine, 250 mg unlabeled D-glucose fortified 
with 5/~C [14Ciglucose was injected directly into the upper jejunum in an anesthesized 
rat  with its mesenteric lymph duct cannulated. Blood samples (0.2 ml) were taken 
from the hepatic portal vein and femoral vein. There was an equal distribution of 
radioactivity between the mesenteric lymph and hepatic blood, but peripheral blood 
from the femoral vein remained at a lower specific activity level (Fig. I). 

The specific activity of glucose rises more rapidly in mesenteric lymph and he- 
patic portal blood than in the peripheral blood. This is due to body fluids draining tile 
intestine obtaining tile labeled glucose directly from the intestinal lumen. I t  appears 
that  mesenteric lymph is in equilibrium with small metabolites, such as glucose, found 
in the hepatic portal blood and therefore offers a means of obtaining information on 
absorption of these metabolites from the small intestine. 

Orally administered phlorizin 
Fig. 2A reveals the effect of 0.22-22o #moles of orally administered phlorizin 

(a total of 0.095-95 rag) on transport  of D-glucose into mesenteric lymph. Points 
directly on the ordinate represent 24-h fasting levels which ianged between 9 ° and 
i i o  mg/ ioo ml. In control experiments, without phlorizin, the glucose level increased 
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nearly 3-fold in 2o rain, i.e. from Ioo to 2oo mg/IOO ml after feeding the test dose of 
glucose. The lymph glucose level then decreased rapidly reaching near fasting in 7 ° rain. 
Adding phlorizin in increasing amounts, 0.095-95.0 mg, inhibited glucose entry into 
lymph and decreased the total glucose load transported, since lower glucose concen- 
trations were evident during the absorption phase. Phlorizin at a level of 95 mg com- 
pletely blocked the entrance of glucose into the lymph from the intestinal lumen. 
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14 Fig. I. Distribution of [ C]glucose between meseuteric lymph (A), hepatic portal blood (O), and 

tail blood ([3) when 5/~C [14C]glucose was injected directly into the upper jejunum in anesthesized 
rat. The horizontal bars represent o.2-ml collection times for mesenteric lymph. See text for further 
details. 

]:ig. 2,A. Glucose concentration in mesenteric lymph after feeding 25 ° mg D-glucose plus 5 I ~C 
[14C]glucose with varied amounts of phlorizin (by stomach-tube). Phlorizin amounts present were: 
none (O), 0.22/*mole (vl), 2.2 /~moles (B), 22 }~moles (O), and 220/*moles (&). The 24-h fasting 
values are shown as the points on the ordinate. B. Specific activity for [liC]glucose in mesenteric 
lymph after feeding, 25 ° mg D-glucose plus 5 /tC [14C]glucose with varied amounts of phlorizin. 

The change in glucose specific activity in this same set of experiments is shown in 
Fig. 2B. At lower phlorizin levels, 0.22-22/~moles, the peak in specific activity appear- 
ed to be delayed 10-20 min from the control peak, but the specific activity appeared to 
be the same. However, with 220/,moles phlorizin, complete inhibition of glucose ab- 
sorption occurred with no radioactivity appearing in lymph. The animal also had 
diarrhea with glucose and radioactivity appearing in the feces. 

The delay of entry of [14Clglucose into mesenteric lymph under the influence of 
phlorizin could be due to blocking of glucose transport sites in the upper part of the 
small intestine. As increasing concentrations of phlorizin are added more glucose 
transport sites are blocked farther down the gastrointestinal tract. Thus, the delay 
would probably be due to the increased lumenal distance from the stomach that glu- 
cose must 'travel' to be absorbed. With an increase in the number of transport sites 
blocked, the total load or concentration of glucose leaving the intestine would also be 
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decreased. When 22o/,moles of phlorizin were added, all the transport  sites apparently 
were blocked, with the result that  no glucose crossed the mucosal cells, but simply 
passed down the gastrointestinal t ract  into the feces. 

From these experiments, the possible number of glucose binding sites in the 
brush border of the mucosal cells could be calculated if it is assumed that  there is a 
I :~  stoichiometry between phlorizin and the receptor site. The critical levels of 
phlorizin lie between 22 and 22o/~moles, where a complete block of glucose transpurt 
occurred. A total of 22o btmoles phlorizin would equal 1.2. ~o 2° molecules of the inhibi- 
tor. Th.us, we could assume that  the entire glucose transporting surface of the gastro- 
intestinal tract contains approx. I .  IO 20 glucose receptor sites. However, this is pro- 
bably the upper limit estimate since the brush border contains the enzyme fi-glucosi- 
dase which hydrolyses the glucose moiety from phlorizin to produce the aglycone 
phloretin and glucose 9. Phloretin apparently enters the nmcosal cell where it has a 
secondary effect of inhibiting metabolism of the cell as shown by in vitro studies ~. How- 
ever, phlorizin is the prinmry structure which inhibits glucose binding to brush b . rder  
sites since phloretin has little or no effect on transport  of glucose 4. 

Peripheral blood, taken from the tail, was also analyzed for glucose and radio- 
activity after oral phlorizin administration. The increase in blood glucose following 
such feeding of 250 mg D-glucose plus varying concentrations of phlorizin is shown in 
Fig. 3A. The 24-h fasting value, given by points on the ordinate, ranged between 
05 and 75 mg/Ioo ml. In general, blood glucose levels followed those of the mesenteric 
lymph (Fig. 2A) in each case, except that  the increase in tail blood glucose was not as 
great as in mesenteric lymph. The effect of increasing levels of phlorizin was to decrease 
the transport  of dietary glucose into the peripheral blood which was reflected by a 
decreased peak concentration in the blood. 

The specific activity of peripheral blood glucose likewise was affected (Fig. 3B). 
In controls without phlorizin, the specific activity rose rapidly to a peak 3 ° rain after 
feeding the radioactive glucose. Increasing phlorizin concentrations decreased the 
transport  of glucose into the blood, but the lower levels of phlorizin, o.22 and 2.2 
/~moles, presented specific activities similar to the control within 4o min after the oral 
nleal. A phlorizin level of 22/mloles showed a somewhat lower specific activity while 
22o/~moles of the inhibitor completely blocked entrance of dietary glucose into the 
blood. 

The effects of phlorizin on mesenteric lymph glucose concentrations are reflected 
to a lesser degree in peripheral blood where radioactive dietary glucose has undergone 
a dilution with body carbohvdrate, i t  should be mentioned that  while oral phlorizin 
had a great effect on the transport of glucose across the nmcosal cell, none of the ani- 
mals had glucosuria ,which is consistent with the fact that  phlorizin cannot be abs(,rb- 
ed across the mucosal cell ~, ~o. 

Intraperitoneally administered phlorizin 
Since oral phlorizin affects only the intestinal transport  of glucose, it was of 

interest to see if intraperitoneal injection would also have an effect on glucose entry 
into nlesenteric lymph. The effect of intraperitoneally injected phlorizin on total glu- 
cose load transported by mesentric lymph is shown in Fig. 4. Upon feeding 25 o mg 
D-glucose (stomach-tube) the mesenteric lymph glucose rose from a 24-h fasting wdue 
of 9 ° mg/Ioo ml to a peak of nearly 3oo mg/Ioo ml within 3o min. F;lood glucHse (tail) 
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simultaneously rose from the fasting value of 65 mg/Ioo ml to 155 mg/Ioo ml. 5 h later, 
when lymph and blood glucose had returned to tile fasting levels, the same animal was 
injected with phlorizin at a dosage of 400 mg/kg body weight. 3 ° min later, 25 ° mg 
D-glucose was again fed (stomach-tube) with the result that lymph glucose rose sharply 
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Fig. y A .  Glucose concentra t ion  in tail  blood after  feeding 250 mg D-glucose plus 5 /~C [14C]glucose 
with varied amounts  of phlorizin, Phlorizin amounts  present  were none (©), 0.22 Hmole (E3), 
a.2 Hmoles (11) ; 22 / ,moles  (O),  and 22o/ tmoles  ( A ). B. Specific ac t iv i ty  curves for [14C~glncose in 
tail blood after  feeding D-glucose wi th  varied amounts  of phlorizin. 

Fig. 4. Effect  of in t raper i toneal ly  injected phlorizin (4oo mg/kg body  weight) on t r anspor t  of 
D-glucose into mesenter ic  lymph  (&) and tail blood (Q)). Ra t s  were fas ted for 24 h and fed 250 mg 
D-glucose by  s tomach  tube ; several  hours later, phlorizin (P) was injected in t raper i toneal ly  followed 
by the  same tes t  meal of glucose (G) o. 5 h later. Horizontal  bars represent  the  lymph  collection 
times. 

from its fasting value to a peak of 280 mg/Ioo nil within 30 rain. Glucosuria was evi- 
dent within the first 3o min after phlorizin injection and continued at high levels 
(greater than 8 g/Ioo ml) for several hours. 

Specific activity of [l~Clglucose in mesenteric lymph was also followed after 
injection of phlorizin intraperitoneally (Fig. 5)- In the control animal, the test meal 
was fed (stomach-tube) 3o min after intraperitoneal injection of 2 ml saline, while in 
the experimental animal, 3o rain after injection of phlorizin (intraperitoneally) at a 
dosage of 4oo mg/kg body weight. The test meal consisted of 25o mg D-glucose plus 
5/~C !xaCJglucose in a total volume of 2 ml. The data reveal that under these conditions 
intraperitoneal phlorizin had no effect on glucose transport into mesenteric lymph 
from the intestinal lumen. Concomitant with this, glucosuria was present in these 
aninlals at 8 g/Ioo nil or greater. Rats with saline injected intraperitoneally had no 
glucose in the urine. 

It is apparent the intraperitoneal phlorizin does not have an effect on the total 
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load  of glucose carr ied  b y  lymph,  bu t  does have a m a r k e d  effect on the  ab i l i ty  of the  
k idney  to reabsorb  glucose. The  reason for the  difference between in t rape r i tonea l ly  
in jec ted  and oral phlor iz in  m a y  be due to  the  ab i l i ty  of the  in tac t  phlor iz in  molecule to 
reach the  glucose receptor  site. I t  m a y  be pos tu la t ed  t ha t  in t raper i tonea l ly  in iec ted  
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Fig. 5- Specific activity of [a4C~glucose in mesenteric lymph. 2 ml of saline (O) or phlorizin (~x) at a 
dosage of 4o0 mg/kg body weight were injected intraperitoneally to animals 30 rain before feeding 
by stomach tube 250 mg b-glucose plus 5 l tC !14C7g luc°se at time o. 

Fig. 6. Effect of phlorizin on mesenteric lymph flow. Rats were fed by stomach tube 25 ° mg 
D-glucose as a 2-m] solution which also contained varied amounts of phlorizin; none (C), o.2 
/tmole ([:3), 2.2 Hmoles (m), 22 Hmoles (O), and 220 /imoles (dx) of phlorizin. 

phlor iz in  might  be found in the  g lomerular  f i l t ra te  and  thus  will be able to b ind  the  
glucose receptor  sites in the  p rox ima l  convolu ted  tubule,  where most  of the  glucose 
absorp t ion  is though t  to  occur. In  the  intest ine,  however,  phlor iz in  would have to 
cross several  cell membranes  to  reach the  lumen and its brush  border  where  the  glucose 
receptor  sites are located.  Since the  mucosal  cell contains  fl-glucosidase ac t iv i ty ,  it  
would hydro lyze  phlor iz in  which has l i t t le  or no effect on glucose t r anspor t  9. Thus,  the  
ava i l ab i l i ty  of the  in tac t  phlorizin molecule to  the  glucose receptor  si te seems to be the  
p r i m a r y  reason for inhibi t ion or lack of inhibi t ion of glucose t ranspor t .  

Effect of phlorizin on lymph flow 
Phlorizin in jec ted  in t rape r i tonea l ly  (400 mg/kg body  weight) d id  not  have  an 

effect on wa te r  t r anspo r t  from the  in tes t ina l  lumen into the  lymph.  Likewise, oral 
phlorizin,  a t  lower concentra t ions ,  d id  not  have  an effect on wa te r  t r anspor t  as shown 
in Fig. 6. The  l y m p h  flow, af ter  24 h of fast ing (water made  avai lable  ad libitum) ranged 
be tween  0. 3 and  0.6 ml/h.  In  each exper iment ,  250 mg D-glucose, t aken  up to a volume 
of 2 In] wi th  dist i l led water ,  was fed b y  s tomach- tube  to the  animals  wi th  va ry ing  
concent ra t ions  of phlor iz in  added  to the  2-ml solution.  In  the  control  (no phlorizin),  
the  l y m p h  flow rose sharp ly  dur ing  the  first 15 min to  2 ml /h  and then  leveled off for 
the  nex t  30 rain before d ropp ing  to ti le fast ing level. The  add i t ion  of phlorizin,  0 .22-  
22/ ,moles ,  de layed  somewhat  the  rap id  rise in l y m p h  volume in the  first 15 rain, how- 
ever,  the  amoun t  of fluid t r anspo r t ed  was not  inhib i ted  bu t  ac tua l ly  exceeded ti le 
control  value.  Phlorizin levels of 22o #moles  failed to increase the  l ymph  flow which 
remained  at  the  fast ing ra te  for the  ent i re  length  of the  exper iment .  

I t  is appa ren t  from these s tudies  tha t  oral admin i s t ra t ion  of phlorizin can in- 
h ib i t  glucose t r anspor t  at  lower concentra t ions  while having  l i t t le  or no effect on the  
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total  water load passing into the lymph. Only at very high levels of phlorizin did in- 
hibi t ion of water t ranspor t  across the intest ine become apparent .  The effect of phlori- 
zin in vitro in everted in tes t inal  sacs revealed tha t  it could inhibi t  t ranspor t  of glucose, 
water, and also at higher concentrat ions inhibi t  metabol ism of the mucosal cell as 
revealed by a decrease in 0 2 uptake  11. PARSONS et al. n found tha t  inhibi t ion of meta-  
bolism also inhibi ted water  up take  in the intest inal  sacs. In  our studies, no inhibi t ion 
of water t ranspor t  occurred dur ing the t ime when glucose t ranspor t  was markedly  
decreased. However, water  t ranspor t  from the intest ine was apparen t ly  blocked at 
phlorizin levels of 22o #moles, since the rate of flow was not  increased in response to 
the water fed with phlorizin. Thus, water t ransfer  into the lymph does not  depend on 
glucose transfer,  bu t  may  depend on glucose metabol ism in the mucosal cell. We have 
no direct proof tha t  mucosal cell metabol ism is inhibi ted at high phlorizin concentra-  
tion, bu t  water t ranspor t  is an ATP-requir ing mechanism and may  reveal blockage of 
normal  metabolism. 
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