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Summary. The action of 0-beta-hydroxyethyl-rutosides 
(Hg) on diabetic retinopathy has been evaluated on 20 
diabetic patients by means of fluoresceinography. -- The 
natural evolution and the evolution after treatment with 
t tR (2400 mg orally per day) have been compared during 
periods of observation of 2 months. The administration 
of the medication and placebo, as well as the interpreta- 
tion of the results, has been carried out on a double-blind 
basis. -- The administration of HR causes a statistically 
significant reduction of the retinal vascular permeability 
to fluoreseein. 

Etude de l'action de l'O-beta-hydroxyethyl-rutoside (H R) 
sur la rgtinopathie diabgtique par la fluorescdinographie 
rdtinale. 

Rgsumg. L'action de l'0-beta-hydroxyethyl-rutoside 
(Hg) sur la rdtinopathie diab6tique a 6t6 gvalu6e ehez 20 
malades diabgtiques au moyen de la fluorese6inographie. 
- -  L'dvolution naturelle et apr6s traitement par I-It% 
(2400 mg/jour per os) a 6t6 compar6e au eours de pdrio- 
des d'observation de deux mois. L'administration du md- 
dieament et du placebo, de mgme que l'interp%tation des 

rdsultats ont 6t6 effectu~es selon la mdthode du double 
insu. -- L'administration de HR entraine une diminution 
statistiquement significative de la permdabili% vasculaire 

la fluorescdine. 

Diabetische Retinopathie: Untersuchung der Wirkung 
yon O-Beta-hydroxyaethyl-Rutosiden ( RH) mittels retinaler 
~Fluorescinographie. 

Zusammenfassung. Bei 20 Diabetikern wnrde die 
Wirkung yon 0-beta-hydroxyaethyLrutosidea (]KR) bei 
Retinopathia diabetica mit ttilfe der Fluoresceinographie 
gepriift. -- Die natiirliche Entwicklung wurde mit der- 
jenigen unter Behandlung mit HR (2400 mg pro Tag 
peroral) nach Beobachtungszeiten yon 2 Monaten ver- 
glichen. Die Verabreichung yon Medikament und Placebo 
sowie die Interpretation der gesultate warden als Doppel- 
blind-Versuch durchgefiihrt. -- Die Zufuhr yon ]KR ver- 
ursaeht eine statistisch signifikante Senkung der vasku- 
l~tren Fluorescein-Permeabilit~it. 

Key-words: Diabetic retinopathy, vascular permeabi- 
lity, fluoreseeinography, flavonoids. 

Introduction 

The problems posed by the complications of dia- 
betes are more serious than those of the treatment of 
diabetes itself. According to the Public Health Service 
(U. S. A.) diabetes is responsible for 10% of the cases 
of blindness in the United States. Among these, 46% 
are juvenile diabetics and 54% are cases in which the 
diabetes appeared in adult life [18]. 

To these cases of blindness one must add the even 
more numerous cases where the visual acuity is dimin- 
ished by diabetic retinopathy. 

The evolution of diabetic retinopathy is difficult to 
assess. Viscual acuity allows an appreciation of macu- 
lar function. Examination of the fundus with the direct 
or indirect ophthalmoscope allows only a drawing 
by the observer, and is therefore in part  subjective. If  
the drawing is done with care, it involves a loss of 
time for the observer and the patient. Colour photo- 
graphy is insufficient, because it does not always show 
the fine lesions. 

Novotny and Alvis [16] in 1961 described the first 
intravenous injection of fluorescein, allowing the study 
of the vascularization of the fundus. 

Diabetic retinopathy is only one particular locali- 
zation of a generalized diabetic miero-angiopathy, and 

* Supported by Zyma S.A. Nyon, Switzerland. 

the multiplicity of treatments [2, 12, 13, 17 and 21] 
shows clearly the insufficiency of therapeutics in the 
face of the problems posed by diabetic retinopathy. 
Since 1938, when Szent-Gy6rgyi [19] discovered 
"Vitamin P", the factor of vascular permeability, 
known today as flavonoids, several publications have 
suggested that  the ftavonoids have an effect on capri- 
lary fragility [6 and 14] and permeability [14]. 

However, the conclusions of these publications are 
open to argument, for the trials were not carried out on 
a double-blind controlled basis. The Food and Drug 
Administration considers that evidence for the efficacy 
of flavonoids has not so far been shown, and it has 
announced the intention of withdrawing the authoriza- 
tion for their sale. In a recent editorial of the British 
Medical Journal [20] the authors, who share the opinion 
of the Food and Drug Administration, do not however 
exclude the possibility of an action of flavonoids in 
diabetic retinopathy. Some isolated reports show after 
treatment with O-beta-hydroxyethyl-rutosides (Ha)  1 
an improvement of conjunctival capillary resistance 
in patients suffering from diabetic retinopathy. [5, 
22]. 

The aim of this study was to evaluate the action of 
H g  on diabetic retinopathy, making allowance for the 
natural evolution of the illness, and avoiding subjective 

1 Z 3010, Zyma 
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eva lua t ion  of the  course of the  illness and  the  ac t ion  
of the  p roduc t .  W i t h  th is  a im the  t r i a l  was carr ied ou t  
on a double -b l ind  basis  [3], the  pe r iod  of admin i s t r a -  
t ion  of p lacebo giving us an ind ica t ion  of the  n a t u r a l  
evolu t ion  of d iabe t ic  r e t i nopa thy .  

pe rmeab i l i t y  of the  i n t r a c a t h  before the  in jec t ion  of 
fluoreseein. 

5 ml of fluorescein (20%) was in jec ted  using a 
10 ml syringe,  which al lowed a r ap id  in jec t ion  (1 to 
2 sec) in to  the  in t raca th .  The first pho tog raph  was 

Method 

W e  e x a m i n e d  20 d iabe t ic  sub jec t s  (Table 1) 
suffering f rom diabet ic  r e t i nopa thy ,  14 women and  
6 men,  aged from 38 to 70 years  wi th  an  average  age of 
59 years.  The lesions of the  fundus  were charac te r ized  

Case No. 

Table 1 

Sex Age Durat ion Durat ion Trea tment  
yr  of Dia- of retino- 

be~es pathy 
yr yr 

1. Za. F 58 2 2 sulphonylureas 
2. Gri. F 69 8 7 sulphonylureas 
3. Bou. F 66 6 6 sulphonylureas 
4. Fis. F 61 13 3 insulin 
5. Boe. M 38 14 4 insulin 
6. Pia. F 59 23 11 insulin 
7. Bau. F 69 12 4 sulphonylureas 
8. Bie. M 58 15 11 insulin 
9. Ma. F 62 17 8 insulin 

10. Boy. F 70 12 4 sulphonylureas 
11. Th. M 63 15 5 insulin 
12. Ber. F 49 37 19 insulin 
13. Gui. F 65 30 15 insulin 
14. Dub. M 70 11 5 insulin 
15. Fre. F 58 11 5 sulphonylureas 
16. Phi.  M 64 19 7 insulin 
17. Ti. F 60 25 11 insulin 
18. Gro. F 46 17 8 insulin 
19. De. M 57 12 5 insulin 
20. J/~. F 28 11 3 insulin 

Fig. 1. Case No. 12: photograph taken at  the end of the 
fluorescein injection. No lesion visible 

b y  mic ro-aneurysms ,  w a x y  exnda tes  and  somet imes  
haemorrhages .  No p a t i e n t  p resen ted  neo-vaseular iza-  
t ion.  The t ime  of observa t ion  comprised  2 per iods,  each 
of 2 months ,  dur ing  which the  pa t i en t s  rece ived  
successively H R ,  2 capsules of 400 mg 1 th ree  t imes  
dai ly ,  fol lowed b y  placebo,  or vice-versa.  The s ta te  
of the  d iabe t ic  r e t i n o p a t h y  was eva lua t ed  before 
t r e a t m e n t ,  and  af te r  2 to  4 mon ths  evolut ion,  b y  
eolour pho tog raphs  and  re t ina l  fluorescein angio- 
g raphy .  F o r  the  s t a t i s t i ca l  analys is  we used the  law of 
F of Snedecor  [ l l ]  (using a computer )  and  the  ehi 
square  tes t .  

Technique of retinal angiography 
After  d i la t ion  of the  pa t i en t s ' pup i l s ,  a t  leas t  30 rain 

before the  examina t i on  [1], we admin i s t e red  a local  
skin anaesthetic (xylocaine 0.5%) at the elbow. A 
"broad" intracath ~ was introduced in the cephalic or 
basilie vein, and then passed into the sub-clavicular 
vein. A 0.9% saline drip was installed, to maintain the 

2 Bardie R., produced by Bard-Davol Ltd., Claeton- 
on-Sea, Essex, England. 

Fig. 2. Case No, 12: Arterial  t ime. The capillary bed is 
clearly visible. Appearance of some micro-aneurysms 

t a k e n  a t  the  end of the  in jec t ion  (Fig. 1). As soon as 
the  fluorescence appea red  in the  re t ina l  ar ter ies  
(Fig. 2), abou t  13 sec la te r  the  observer  pho tog raphed  
the  re t ina  and  took  15 pic tures  dur ing the  a r te r ia l  and  
venous  phase  (Fig. 3), the  du ra t i on  of which was 
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about 20 see, and then 1 later photograph (Fig. 4) 
after 3- -4  min. 

The photographs were taken with a Zeiss automatic 
retinograph equipped with a flash generator of 120-- 
240--480--720 Joules. 

The evolution of the diabetic retinopatlhy was 
assessed during the 2 periods by  means of 3 examina- 
tions [Fig. 5]. The first period was between the first 
and second examination, and the second between the 
second and third examination. 

1st examination 2rid examination 3rd examination 

l latpariod l 2ndper'od 1 
0-~- hyd roxyethylrutosides placebo 

placebo O-~[hydroxyethylrutosides 

Duration of treatment I I I 
2 months 4 months 

Fig'. 5 

Fig. 3. Case No. 12: Venous time. The micro-aneurysms 
are very fluorescent. Beginning of vascular extravasation 

of fluoreseein 

Fig. 4. Case No. 12: Late time. The vascular extravasa- 
tion of fluoreseein is clearly visible. The micro-aneurysms 

remain fluorescent for a long time after the injection 

We used a power of 720 joules and an excitation 
filter (Kodak Wrat ten 47-A) combined with the stop 
filter GG 14.3 ram. The photographs were made with 
a Plus-X-Pan 135-20 film, 22 din and developed at a 
temperature of 20~ with Agfa RodinM developer 
(20 ec for 400 co of water). 

Fig. 6. Case No. 12: Synthetic schema of the fluorcscein 
photographs of the first examination 

yellow : extravasated fluoreseein 
green : micro-aneurysms 

The gravi ty  of the diabetic ret inopathy was assess- 
ed by clinical examination, colour photography of the 
fundus and "synthet ic"  graphic (Fig. 6) representation 
of the lesions observed at the various times of fluor- 
esceinography. These diagrams were produced by 
tracing the arteries and the retinal veins. The tracing 
paper was then super-imposed on the various fluores- 
cein photographs, and the lesions appearing during the 
arterial, venous and late phases were reproduced. The 
comparison of the diagrams obtained (Fig. 7 and 8) at 
different stages of the illness offers the possibility of 
evaluating with precision the evolution of the diabetic 
retinopathy. 

Interpretation of the results 

The original documents and diagrams were analysed 
separately and independently by 3 observers, whose 
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results were subsequent ly  compared. No impor t a n t  
disagreement  was revealed between the different 
assessments of the evolut ion of the re t inopathy.  

The key to the  s tudy  was only communica ted  to the 
experimenters  after the evaluat ion  of the evolut ion of 
the re t inopa thy  dur ing  the 2 observat ion periods. 

We compared the evolut ion after the adminis t ra-  
t ion  of H R  followed by  placebo (Table 2) and  placebo 
followed by  I-II~ (Table 3). 

Dur ing  the observat ion period the micro-aneurysms 
and  the hard  exudates showed no characteristic 
modification. Following admin is t ra t ion  of H R  no new 
haemorrhage appeared, bu t  existing haemorrhages did 
no t  disappear. We did observe, however, var ia t ions  in  

Table 2. Patients treated by O-fl-hydroxyethyl-rutosides dur- 
ing the 1st period and by the placebo during the 2nd period 

Case No. Evolution Evolution Final  result : 
during the during the comparison 
1st period 2nd period between the 

1st and 3rd 
examination 

1. Za. + -- -- 
2. Gri. + -- - -  

3 .  B o u .  + - -  § 

4. Fis. + -- q- 
6. Pin. + -- -- 
8. Bie. 0 -- -- 

14. Dub. --I -- -- 
17. Ti. q- -- -- 
18. Gro. 0 -- -- 

-t- = improvement 
0 = no change 
-- = deterioration 

Table 3..Patients treated by the placebo during the 1st period 
and by O-fl-hydroxyethyl-rutosides during the 2nd period 

Case No. Evolution Evolution Final  result : 
during the during the comparison 
1st period 2nd period between the 

1st and 3rd 
exam. 

5. Bee. q- 
7. Bau. 
9 .  M a .  § 

12. Ber. 0 
13. Gui. 0 
15. Fre. + 
16. Phi. 

+ + 

0 + 
+ + 

@ = improvement 
0 ~ no change 

- -  = deterioration 

Fig. 7. Case No. 12: Synthetic schema of the fluorescein 
photographs of the second examination, i. e. after 2 months 

administration of placebo 
yellow : extravasated fluorescein 
green : micro-aneurysms 

Results 

Of the 20 pa t ients  examined at  the beginning,  four 
did no t  take regularly the medicat ion or the placebo 
and  were therefore excluded from the trial. 

The randomiza t ion  was well balanced, since 9 pa- 
t ien ts  received H R  first and  then  placebo, and  7 pa- 
t ients  the reverse. 

The na tu ra l  evolut ion of the diabetic re t inopa thy  
can be appreciated by  the  "placebo period".  The 
comparison between the first and  th i rd  examina t ion  
allows assessment of the overall deter iorat ion or no t  
of the diabetic re t inopathy ,  i.e. in format ion  abou t  the 
final results. 

Fig. 8. Case No. 12: Synthetic schema of the fluoreseein 
photographs of the third examination, i.e. after 2 months 
administration of 0.~-hydroxyethyl-rutosides. One notes 
a marked diminution of the extravasated fluoreseein 

yellow : extravasated fiuoreseein 
green : micro-aneurysms 
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the vascular permeability to fluorescein. A halo of 
fluorescence formed around the vessels and the edge 
of the vascular wall became hazy. The changes invol- 
ved particularly the quantity of fluoreseein extra- 
vasated into the retinal tissue (Fig. 9 and 10). 

sidered as a favourable result since the '~ 
evolution showed a deterioration of the lesions. I cases 
showed an increased permeability to fluorescein after 
treatment with III~. 

If we compare the period of administration of HI~ 
with the placebo period, we see that the observed 
improvement is statistically significant since we obtain 

Table 4. Natural evolution (with placebo) 

Deterioration Improvement Total 
or no change 

11 5 16 

Table 5. Evolution after treatment by O-fl-hydroxyethyl- 
rutosides compared with the natural evolution 

natural natural Total 
evolution evolution 
unfavour- favourable 
able or no 

change 

Effect of ~ deterioration 1 3 4 
the treatment[improvement 10 2 12 
with 0-fl-hy- } 16 
droxyethyL | 
rutosides J 

Fig. 9. Case No. 6: Venous time. At the first examination, 
marked extravasation of fluoreseein into the retinal tissue. 
The fluoreseein appears more brilliant, being no longer 

absorbed by the haemoglobin 

Fig. 10. Case No. 6: Venous time. At the second examina- 
tion, after 2 months administration of 0-fl-hydroxyethyl- 
rutosides, the extravasated fluoreseein has diminished, as 

compared with Fig. 10 

As shown in Table 2 and 3, HR had a favourable 
action on the vascular permeability in 9 cases. In 
3 eases there was no modification, which can be con- 

12 improvements (Table 5) with HI~ against only 5 
(Table 4) with placebo. If we consider the number of 
deteriorations, we find only 4 after treatment with HR 
(Table 5) against 11 after placebo treatment (Table 4). 
This difference is statistically significant (F-test of 
Snedeeor: P < 5%). 

Since the favourable effect of Ht~ on vascular per- 
meability is seen during treatment, we have sought to 
verify whether this action also persists after stopping 
the HR. 

HR has in fact a favourable effect only during its 
administration. The improvement did not persist after 
stopping the HI~; there were 12 improvements of the 
vascular permeability under HI~ and only 6 in the 
final result. 

As shown in Table 5, HR improved the vascular 
permeability of the diabetic retinopathy in 12 eases, 
and of particular interest, l0 improvements appeared 
in those eases in which the naturM evolution (with 
placebo) was unfavourable. In only one ease -was the 
unfavourable evolution with placebo continued with 
HR. 

Thus, we may conclude, that  during its administra- 
tion, I-II~ has a definite positive effect on the vascular 
permeability. 

Discussion 

The intravaseular fluorescence gives information 
on the dynamics of the retinal circulation and the 
morphology of the vascular tree, whereas the extra- 
vascular fluorescence is a measure of the increase in the 
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Fig. 1 i a. Case No. 20: Venous time. Very marked extra- 
vasation of fluorescein into the retinal tissue. Photograph 

taken at the first examination 

Fig. l l b .  Case No. 20: Synthetic schema of the photo- 
graphs of the first examination. Marked extravasation of 

fluoreseein 
yellow : extravasated fluoreseein 
green: micro-aneurysms 

Fig. 12a. Case No. 20: Venous time. Photograph taken 
1 day after the acido-ketotie coma. There is a marked 
diminution of fluorescein extravasation after two months 

administration of 0-fl-hydroxyethyl-rutosides 

vascular  permeabil i ty .  The extravascular  fluorescence 
is more br i l l iant  t h a n  the in t ravascular  fluorescence, 
which is absorbed by  haemoglobin.  

The fluoreseein which circulates in  the blood b o u n d  
to a lbumin  (7 and  8), p robab ly  crosses, in  this form, the 
wall of the re t inal  vessels. 

Fig. 12b. Case No. 20: Synthetic schema of fluorescein 
photographs of the second examination, i. e. after 2 
months administration of 0-fi-hydroxyethyl-rutosides. 
There is a marked diminution of the vascular extravasa- 
tion, in comparison with the schema of the Fig. l l  a, and 

this in spite of the aeido-ketotic coma 
yellow: extravasated fluorescein 
green : miero-aneurysms 

I n  m a n y  publicat ions to date the dis t inct ion has 
no t  been quite clear between capillary permeabi l i ty  and  
fragility, m a n y  of the techniques being based on a 
suct ion technique and  the resistance of the capillary 
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to th is  lowering of pressure  [10]. No t  only are the  
physiological  var ia t ions  f rom one ind iv idua l  to  ano ther  
considerable,  b u t  these me thods  do no t  de te rmine  the  
capi l la ry  p e r m e a b i l i t y  a t  all. 

A t  the  momen t ,  re t ina l  f luoresee in-angiography is 
the  only  clinieM m e t h o d  which allows an  easy  assess- 
m e n t  of the  vascu la r  pe rmeab i l i t y  in s tudies  of d iabe t ic  
r e t i n o p a t h y .  

An  increase of the  vascu la r  p e r m e a b i l i t y  in d iabe-  
tes, pa r t i cu l a r l y  of long du ra t i on  is a l r e ady  known  [4, 
23]. 

Cer ta in  au thors  [9, 15] have  descr ibed in uncontrol -  
led d iabe tes  an  increase of the  pe rmeab i l i t y  to  fluores- 
eein, which d i sappears  af ter  control  of the  diabetes .  

W e  have  exc luded  f rom the  s ta t i s t ica l  analysis  one 
p a t i e n t  (case No. 20), who escaped examina t i on  dur ing  
the  second per iod  of the  exper iment ,  and  the  resul ts  of 
th is  ease deserve ment ioning .  

A t  the  t ime  of the  first f luoresce inography she show- 
ed a m a r k e d  ex t r avasa t i on  of fluorescein (Fig. 11 a and  
l i b ) .  Af te r  two months  of t r e a t m e n t  wi th  III~ this  
p a t i e n t  r e tu rned  to  the  Un ive r s i t y  Medical  Clinic in 
ae idoke to t i e  coma due to  d i e t a ry  abuse.  The d a y  af ter  
admiss ion  we pe r fo rmed  a f luoreseeinography.  I n  spite  
of the  uncont ro l led  diabetes ,  the  f luoresce inography 
showed a m a r k e d  d iminu t ion  of e x t r a v a s a t e d  fluores- 
cein (Fig. 12a and  12b), compared  wi th  the  examina-  
t ion  made  2 mon ths  earlier.  This i so la ted  observa t ion  
confirms the  resul ts  of our  t r i a l  on the  favourab le  ac t ion  
of I I R  on the  vascu la r  pe rmeab i l i ty .  

The increase  of vascu la r  pe rmeab i l i t y  has  been 
considered as a fac tor  favour ing  the  appea rance  and  
de te r io ra t ion  of d iabe t ic  r e t i nopa thy .  The effect of 
H R  on the  re t ina l  cap i l la ry  pe rmeab i l i t y  allows one 
to suppose a favourab le  long- te rm ac t ion  in the  
t r e a t m e n t  of d iabe t ic  r e t i nopa thy ,  which could only  be 
confirmed af te r  a long- te rm tr ial .  On the  o ther  hand,  
the  ac t ion  of I t R  is no t  pro longed  af te r  cessat ion of 
t r e a tmen t .  
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