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Peripheral neuropathy is the earliest and most frequent complication of  
diabetes metlitus. While opinions differ considerably as to the frequency of  the 
symptomatic form, many Authors agree on the presence of  one electrophysio- 
logical impairment already in the early stages of  the disease 2,3.~,~,I',~,~.'~,~°. The 
role of  metabolic control in determining the onset, evolution, and improve- 
ment of  diabetic neuropathy is still under discussion, even though some 
Authors have recendy pointed out the relationship between metabolic im- 
provement and amelioration of  both motor and sensitive nerve conduction 
velocities:V~'~ ~0,~.~6 and some cardiovascular autonomic reflexes ~, ~2. 

After. t_he negative and uncertain results o f  treatment with neurotrophic 
vitamins ~,~ ..... ~", aldose reductase inhibkors ~< ~.3, and myoinositoF,, at present 
no specific treatment exists. 
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GANGLIOS1DES AND DIABETIC NEUROPATHY 

Many investigators have recently focussed their attention on brain ganglio- 
sides, a class of molecules pharmacologically active in enhancing the physiologi- 
cal reinnervation processes by stimulating sprouting mechanisms ~,22,~-',2<~7. 
These observations represented the starting point for investigating the thera- 
peutic effects of  gangliosides in different forms of peripheral neuropathies x.~. 

As for diabetic neuropathy, ganglioside treatment =w-~,-~ was found to 
improve neuropathy in mice with congenital and alloxan-induced diabetes. 
Preliminary investigations in man ~.4~ have confirmed the positive effect of  
gangliosides on diabetic peripheral neuropathy. These results prompted us to 
evaluate on a statistical basis the efficacy of ganglioside administration in both 
subclinical and clinical neuropathy. 

MATERL~LS 

The study was carried out in four  Centers (Padova, Milano, Torino and 
Mestre), in the period January 1979 - Febrnary 1980, during which the 
standardization of metabolic and electrophysiological analyses was assessed. 

Criteria for the inclusion of patients were: 
- age between 18 and 55 years; 
- no pregnancy; 
- diabetes treated with insulin for at least 1 year; 
- alcohol intake less than 500 ml of wine a day; 
- cigarette smoking less than 10 a day; 
- no other causes of  peripheral neuropathy; 
- no other significant disease besides diabetes; 
- electroneurological impairment in at least two nerves out of  the four 

evaluated. 
Electrophysiological parameters were considered impaired when  differing 

from the normal values by at least twice the standard deviation. Tab. 1 shows 
the normal reference values found in 60 healthy volunteers, 30 between 1545 
years and 30 between 36-55 years. 

According to these criteria, 151 patients were recruited in the four Centers. 
The drop-outs were 11 ; thus a total of  140 patients, 91 males and 49 females, 
completed the study. 

According to the severity of neurological symptoms, the patients were 
allocated to two protocols: protocol I: patients with no or mild symptoms 
(n = 97); protocol II: patients with frequent and severe symptoms (n = 48). 

The patients' clinical and metabolic baseline data are reported in tab. 2. 
The 43 subjects of  protocol 1I differed from those of protocol I in age, 43 __+ 9 
vs 34 __+ 11 years (mean _+ SD) (p<0.001), duration of diabetes, 16 ± 8.6 vs 
9.4 m 4 years (mean _+ SD)(p< 0.00I), and for a higher incidence of  ketosis, 
21% os 14% (p<0.01). On the other hand, metabolic control did not  differ in 
the two groups. 

METHODS 

Clinical and  metabolic parameters - The following clinical and metabolic 
parameters were assessed both at baseline and during the study: body weight, 
heart  rate, blood pressure, daily insulin requirement, plasma glucose levels 
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median  nerve: 

* SCV a) [mger.wrisE 

~ $CV b) wrist.elbow 

sural nerve: 

': SCV malleo!us-sura 

1.tlnar ne rve :  

: ~ *  MCV 

MAP ampli tude 

peronea[  ne~-e: 

~"~ MCV 

MAP ampl imde  

15-,35 years 

>46 .3  m / s e e  

> 57.1 m i s e r  

>45 .2  m i s e r  

> 53.I m / s e c  

<~ 3.7 msec 

> 7 mV 

> 43.6 m / s e c  

< 6.4 msec 

> 5 mV 

age 

36-55 years 

> 44.3 m / s e c  

>54 .2  m / s e c  

> 42.8 m / s e e  

>51 .2  m / s e e  

< 3.9 msec  

> 7 mV 

>41 .2  m / s e e  

< 6.7 msec 

> 5 mV 

* SCV = sensory, conduccion veiociw;_ ** MCV = moto r  conduct ion velocity; **~; DL = distal latency 

Tab.  1 - N o r m a l  ~a lues  o f  e l e c t r o n e u r o g r a p h i c  p a r a m e L e r s  in 60 h e a k h y  v o l u n t e e r s :  m e a n  va lues  
- S  SD (+ fo r  la tencies) .  

age 

sex 

durat ion of  diabetes 

insulin r equ i remen :  

glycosylated hemoglobin  

m e a n  daily p lasma glucose 

gtycosuria 

urine ketone bodies 

(years) 

M 
F 

(years) 

(Uidav) 

(mg/dt! 

(g/day) 

(0-44 

protocol I protocol  11 
(n = 97) (n = 43) 

34 ± 11 

65 
32 

9 .4 - -  4 

51 ± I6 

I1,1 ± 2,2 

215 ± 72 

17 -- 20 

14% 

43 ± 9 *~; 

26 

17 

16.0 _+ 8 . 6  ~': 

45 ± 20 

11.1 ± 2,5 

232 +_ 79 

15 ± 16 

21%* 

~ p < 0 . 0 l ;  ~-~ p < o . o o l  

Tab.  2 - Basa l  c l in ica l  a n d  m e t a b o l i c  d a t a  gf _+ SD) in  140 s u b j e c t s  w i t h  d i a b e t i c  p e r i p h e r a l  
n e u r o p a ~ y  s u b d i v i d e d  in to  ~wo g r o u p s  a c c o r d i n g  to , ° r e sence  o r  a b s e n c e  of" r a r e  ( p r o t o c o l  I) 
a n d  f r e q u e n t  o r  s e v e r e  n e u r o l o g i c a l  s y m p t o m s  ( p r o t o c o l  II). 

fasting and 2-h after, breakfast and lunch, daily glycosuria, urinary ketone 
bodies, glycosylated hemoglobin (GHb). The mean of  the plasma glucose values 
was considered as mean daily plasma glucose. These parameters were assessed 
in the four centers by the same methods: plasma gtucose with glucose-oxidase 
method% urinary ketone bodies with Ketos~Lx, and GHb with the Bio-Rad 
microcolumns at constant temperature of 21-23 °C ,a~s, The mean intra-assay 
variability of  GHb was 2.07%'L 
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GANGLIOSrDES AND DIABETIC NEUROPATHY 

Electrop,hyiologica! para~Tzeters - Sensory Conduction Velocity (SCV) o f  median  
(finger-wrist and wrist-elbow) and sural nerve; Motor Conduct ion Velocity 
(MCV), m e a n  Distal Latency (DL) and Motor Action Potential (MAP) ampli tude 
of  ulnar and peroneal  nerve were recorded in all subjects. The evaluat ion was 
carried out  my means  of  MEDELEC MS6. Recorded SCV was always.antidro- 
mic; DL was measured  from the first sensory potential reduction assessed with 
a digital averager; stimulation applied with surface electrodes was ahvays 
supramaximai.  

SCV of median  nerve was measured  in the segments 2nd finger-wrist, 
wrist-elbow; recording was per formed by means of  two loose electrodes. As 
for sural nerve, the malleolus-sura segment  was considered; record ing  was 
per formed by surface electrodes, consisting of  two silver chloride contact 
plates. MCV evaluation took into account DL and MAP amplitude;  recording 
was per formed by means  of  silver chloride disc electrodes. Skin tempera ture ,  
strictly controlled with DISA equipment,  was kept at 35 °C. Alt centers  used 
comparable techniques; r andom controls were also pe r fo rmed  to ensure 
comparability. For the same reason, during the study copies o f  each record 
were collected. A double evaluation (basal A and basal B) was p e r f o r m e d  at 
baseline. 

Neurologica{ symptoms  - Paresthesias, nocturnal  pain, and c ramps  were 
evaluated as to their frequency and severity by means  o f  a sui tablequest ion-  
naire. The answer to each quest ion was recorded on a 1 to 4 score, where  1 
represented no symptoms, 2 mild symptoms, 3 f requent  symptoms,  and 4 
severe and constant  symptoms (every day). Ninety-seven patients, ra ted  1 and 
2, were included in protocol I; 43 patients, rated 3 and 4, were included in 
protocol Ii. Five of  the ] 1 drop-outs were due to family reasons; the  other  6 
to the onset of  other  concomitant  diseases. None of  the drop-outs was repor ted  
to be due to the administrat ion of  the drug. 

S t u d y  p l a n  - The study design of  both protocols was mult icenter ,  rando- 
mized, cross-over, double-blind, controlled vs placebo. Randomizat ion  was 
per formed separately for each center. The study period lasted 16 weeks: each 
patient was randomly  assigned to one o f  the two t rea tment  sequences;  
drug-washout-placebo or placebo.washout-drug. Each t r ea tmen t  period 
(placebo or drug) lasted 6 weeks. The washout  period lasted 4 weeks. The daily 
ganglioside dose was 20 mg in a single i.m. administration. Clinical and 
metabolic data as well as symptom scores were recorded at the beginning  and 
at 3, 6, 10, 13 and 16 weeks for protocol I, and at the beginning and  at 2, 4, 
6, 10, 12, 14, 16 weeks for protocol II. 

Electrophysiological data were recorded at the beginning and at 6, 10 and 
16 weeks. All patients were included only after formal  informed consent.  The 
drug used in the study is a ganglioside mLxture ~'; the excipient solution ~:~: as 
such was used as placebo. 

~ Each ampoule of 10 nag of gangfiosides contains: monosialotetrahexosylgangtioside (GMz) 21% 
equal to 2.1 rag; disialotetrahexosylganglioside (GD~,) 40% equal to 4.0 mg; disiatotetrahexosyl- 
gangIioside (GD~) 16% equal to 1.6 mg; trisialotetrahexosylganglioside (GTxb) 19% equal to t.9 
nag; 
.... Excipient solution: dibasic sodium phosphate 12 H.O 6 nag; monobasic sodium phosphate 2 
H20 0.5 nag; sodium chloride 16 rag; vedistilled pyrogen-free water q.s. for 2 ml. 
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Sto~tisticel ana ly i s  - The patients of  both protocols were assigned to their 
treatment sequence (drug-placebo or placebo-drug) by means of a restricted 
randomization scheme using permutated blocks of four units. Analysis of  the 
behavior of metabolic data over the study period was performed by means of 
regression coeffidents and Bravais Pearson correlation coefficients were calcu- 
lated to estimate the degree of correlation between these parameters and 
electroneurotogical data. Hypotheses regarding the responses to drug and 
placebo were .tested by covariance analysis, using as covariates: center, 
observation period, patients, age group, paresthesia group, GHb level, mean 
of the two basal electroneurolog-ical measures. Since the raw data presented 
some really extreme values and since electroneurotogical variations were to 
be evaluated referring eithm to their low or high basis, instead of using raw 
measures data were transformed into ranks:L 

Qualitative variables related to symptoms were analyzed by the MacNemar 
test :~ (matched data being available for ead~ patient), and by Gart's test :~, 
allowing for the correction of basal differences between the two treaunent  
periods. When only data regarding the first treatment period were taken into 
account, the proportion test was used to compare drug and placebo. 

RESULTS 

Ciinfcal arLd metabolic parameters - During the study no significant variations 
of mean daily plasma glucose (tab. 3), GHb (tab. 4), glycosuria, urine ketone 
bodies, heart  rate, blood pressure, and daily insulin requirement  were 
observed. 

Etectrophysiological para,raeters. The results of  the statistical evaluation of main 
and carry-over ganglioside effects on electrophysiological parameters are 
reported in tab. 5. A significant main effect was observed in protocol I for DL 
of ulnar nerve (p< 0.01) and for MCV of" the peroneal nerve (p< 0.03; tab. 6). 
In protocol It a statistically significant main effect of  the drug was observed 
for SCV of the median (wrist-elbow; p < 0.06; tab. 7), and for MCV of the ulnar 
nerve (p< 0.002; tab. 8). As for placebo a positive effect (p< 0.02) was present 
in the sural nep,'e in protocol I. 

Carry-over effects were observed in protocol i for SCV of the median nerve 
(wrist-elbow; p<0.02) and for MCV of the peroneal nerve (p<0.1), and in 

sequence 

protocol l G-P 

(n = 97) P-G 

protocol II G-P 

(n = 43) P-G 

197 ± 72 

236 ± 67 

250 ± 7g 

226 ± 79 

6 

220 ± 92 

gt8 ± 89 

9 ~1_ : I02 

218 _+__ 70 

weeks 

I0 
washout  

205 m 70 

198 ± 70 

241 ± i t 0  

2~4 = 72 

16 

204 ± 8l 

i95 ± 76 

235 ± 90 

214 ± 113 

Tab .  3 - M e a n  da i ly  p l a s m a  g l u c o s e  (~ ± SD) 1.evets ( r a g / d l )  in  t 40 sub jec t s  w i ~  d i a b e t i c  p e r i p h e r a l  
n e u r o p a t h y  t r e a t e d  w i t h  g a n g l i o s i d e s  (G). a n d  p l a c e b o  (P) for  16 w e e k s ,  
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G A N G L I O S ! D E S  AND D I A B E T I C  N E U R O P A T H Y  

sequence 
w e e k s  

16 6 IO 
w a s h o t l t  

protocol I GP 10.9 ~ 2.3 10.7 ~ 2.2 10.7 ± 9.1 10.6 ± 2.2 

(n = 97) P-G 11,2 ± 2.[ 11.1 -~- 2.2 10.3 ± 2.1 10.6 ± 1.7 

protocol  II GP 11.1 ± 2.3 10.9 ± 1.6 10.9 ± 9.0 10.5 ± 2.2 

(n = 43) P-G 11.2 ± 2.4 10.8 ~ 2.2 11.0 ± 2.2 11.0 ± 1,8 

Tab. 4 - Mean ( ±  SD) glycosylated hemoglob in  (%)levels in 140 subjects With diabetic per iphera l  
n e u r o p a t h y  trea~ed with gangliosides (G) and placebo (P) for  16 weeks. 

nerve 

nledlax1 

sural 

ulnar 

peroneal 

electroneurographic 
parameters 

SCV (finger-wrist) 
SCV (wrist-elbow) 

SCV 

MCV 
DL 
MAP 

MCV 
DL 
MAP 

p V&[Lle ~ 

protocol I protocol II 

main main carry-over 

n.s. 

D.S. 

0.02-,~ 

n.s .  

0.0l n.s. 
n , s .  rl ,s.  

0,03 0.1 
n.5.  n . s .  

n . s ,  n , s ,  

n .s .  

0.02 

n.s .  

n .&  

n . s .  

0.06 

n , s .  

0.002 
n , s .  

n ,5 .  

n . s .  

n . s ,  

n . s .  

C a i T y - o v e r  

n . s ,  

n . s .  

0.05 

0,002 
0.1 

n , s .  

0.3 
n.$.  

0.06 

~ non-paramemc analysis - two sided tes< ;~ placebo 

Tab. 5 - Summary  of  statistical results of  e lecr roneurographic  findings in 140 subjects with 
diabetic per iphera l  neuropathy ,  in protocol  I (97) and protocol  It (48), 

weeks 
sequence 

0 6 10 16 
washout 

A .38.9 ~ 4.6 
G-P 40,5 -- 4.5 40,7 _+_ 4.5 40,7 -- 4.4 

B 38.9 +_ 4.6 

A 42.I ± 4.7 
P-G 42.2 ± 3.8 42.3 ± 3.9 43.4 _+ 4,3 B 41.2 ± 4.4 

main: p < 0.0S; carry-over: p < 0.1 

Tab. 6 - Motor  conduct ion velocity (m/sec)  values (~ ~ SD) o f  peronea l  nerve  dur ing  ganglioside 
(G) and placebo (P) t r ea tmen t  in 97 diabetic subjects with per iphera l  n e u r o p a t h y  {protocol 1). A 
and  B represen t  the two basal values, 
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protocol II for SCV of ~ e  sural nerve (p<0.05), for MCV of the ulnar nerve 
(p<0.0,9), for DL of  the ulnar nerve (p<0.1), and for MAP amplitude of the 
peroneal nerve (p< 0.06). 

eVe~trological s y r a p t o m s  - Only paresthesias improved significantly after gang. 
lioside treatment. The frequency distribution of paresthesias shows that in the 
patients with frequent and /o r  severe paresthesias of  protocol II, at the end of 
the study period only 10 patients still presented this symptom, 17 patients had 
no paresthesias and 14 reported them rarely (tab. 9); while in rwo subjects the 
symptom was not recorded. Moreover, statistical analysis (tab. 9) shows that _92 
diabetics revealed a 'drug preference', while 10 preferred placebo and 9 had 
no preference. 

S ide  e£v?cts - No side effects were reported either by the patients or by the 
physicians during the study period. 

DISCUSSION 

This multicenter trial shows that in diabetic patients with peripheral  
neuropathy gangliosides have a direct positive effect improving both some 
specific neurological symptom and some electrophysiological parameters.  In 
fact, after the two treatment  periods, paresthesias improved signifmantly or 
disappeared, and both MCV of peroneal  (protocol I) and ulnar nerve (protocol 
II), and SCV of median nerve (protocol iI) were significantly improved by the 
drug, The carry-over effect on some electrophysiological parameters in both 
protocols could imply a persistent effect of the drug after discontinuing therapy, 
or a delayed drug effect. The absence of significant variations in metabolic 
parameters, such as mean  daily plasma glucose, glycosuria and GHb, confirms 
that the improvement  is related to drug treatment  and not to metabolic 
control, The resu]ts of this muldcenter  trial confirm the findings of previous 
studies in animals 2~,:~,3. and man  :,'~. in fact, i.p, ganglioside administration for 
80 days in genetically diabetic mice (C57BL/KS-db/db) significantly improved 
nerve conduction velocity'*, in association with a normalization of fiber size 
distribution. In these animals gangliosides also improve Brain Stem Evoked 
Potemials (BSEP), lowering the thresholds and improving the latencies 2~ 
Moreover, POZZA et al. 42 reported that the treatment with 20 rag/day i.m. of  
gangliosides for 40 days in 20 insulin.dependent diabetic patients significantly 
improved median nerve sensory action potential latency, median nerve mixed 
conduction, velocity, and sural nerve sensory action potential. In a randomized, 
double-blind study BAsst et al.* reported that, in patients with diabetic or 
alcoholic neuropathy, ganglioside treatment facilitated the reappearance of 
sensory potentials and significantly increased the NIAP amplitude in median, 
ulnar, and peroneal  nerve. 

Gangliosides are glycosphingolipids which seem to be involved in the 
processes of nerve growth, regenerat ion and tissue reinnervation ~,-'9,4~,~,~-~ 
Moreover, gangliosides have been demonstra ted to be incorporated at the 
nem-onal membrane  level in pheripheral  nerves~; to serve as receptors 
interacting with some spedfic toxins, hormones  and virusesg; increase the 
physiological process of reinnervation by stimulating %prouting' mechan- 
isms 5, n ,  -'6. 
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G A N G L I O S I D E S  A N D  D I A B E T I C  N E U R O P A T H Y  

weeks 
sequence 

0 6 10 16 
washout 

A 54.2 ± 5,2 G-P 54.4 ± 5,4 53.1 ± 4.6 54.5 ± 6.0 
B 54.3 m 6.1 

A .53.9 ± 5.4 P-G 54.1 ~ 4.1 53.2 ± 3,6 55.0 ± 5.4 
B 53.2 ± 4,7 

main: p <  0.06 

Tab,  7 - Sensory  c o n d u c t i o n  velocity values (m/see)  (K ± SD) o f  m e d i a n  ne rve  (wrist ,elbow) d u r i n g  
gangl ios ide  (G) a n d  placebo (P) t r e a t m e n t  in 43 diabet ic  subjects  wi th  pe r i phe ra l  n e u r o p a t h y  
(protocol  II), A and  B r e p r e s e n t  the  two basa l  valnes,  

sequence 

G-P 

P-G 

A 48.1 + 4.8 
B 47,9 ± 3.8 

A 49.9 +_ 6.2 
B 48.3 ± 5.1 

weeks 

10 ] 16 
w a s h o u t  

51.2 ± 6,6 50,3 = 4.9 50.1 ± 6.8 

49.1 ± 3.6 49.0 _+ 3.5 ~ 50.4 ± 5.0 
_ I 

main: p<0.002; carry-over: p<0,02 

Tab,  8 - M o t o r  c o n d u c t i o n  velocity values (m/see)  (~ ± SD) o f  u l n a r  ne rve  d u r i n g  gang l ios ide  
(G) and  placebo (P) t r e a t m e n t  in 43 diabet ic  subjects  wi th  pe r iphe ra l  n e u r o p a t h y  (protocol  II). A 
a n d  B r e p r e s e n t  the  two basal  values, 

weeks 
J~[l q 

] 6 10 16 o ] 

n o n e  

r a r e  

frequent 

every day 

31 

12 

13 

14 

10 

6 

12 

17 

9 

5 

G-P P-G total 

drug preference 17 5 22 

placebo preference 2 8 t0 

no preference 3 6 9 

17 

14 

5 

5 

p < 0.07 (Gart's test); p < 0.02 (proportion test) 

Tab.  9 - F r e q u e n c y  d is t r ibut ion  o f  pa res thes i a  score  i n  43 subjects  wi th  d iabet ic  pe r i phe ra l  
n e u r o p a t h y  (protocol  II) du r i ng  t r e a t m e n t  wi th  gangt ios ides  (G) a n d  p lacebo (P) for  t6  weeks.  
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The favorable effect of  exogenous gangliosides on exper imental  peripheral  
neuropathies,  such as the diabetic, has been related to ganglioside incorpora- 
tion into the cell membrane  and to a stimulation of  processes occurring as a 
repair mechanism after nerve damage,  This action seems to be related to the 
presence of  growth factors and to the fact that gangliosides, acting as receptors, 
enhance the internalization of  the complex ~,'. Recent data show that  ganglio- 
side incorporat ion into synaptic membranes  will activate enzymes, such as (Na +, 
K +) adenosine triphosphatase, adenylcyclase, phosphodiesterase ",~, causing 
functional changes in these m e m b r a n e  activities and stimulating sprouting. 
Activation of(Na% K *) NfPase may lead to a proper ion balance between inside 
and  odtside of  the axons, improving nerve conduction velocity. Moreover,  the 
evidence that gangliosides have a faworable influence on fiber size distribution 
in diabetic animMs may confirm the hypothesis that they also favor the action 
o f  some endogenous  factor responsible for axon trophism-'fl The relatively 
slight mean  improvement  (1.5-3 m/see) seen in conduction velocities can be 
related to some changes in the m e m b r a n e  ionic t ransport  phenomena ,  as can 
be expected in such a very short  period of  observation. 

The lack of  detectable effects in sorne of  the nerves tested may also be 
ascribed to the short t rea tment  period a n d / o r  to the low dose adminis tered 
(S0 rag/day), for istance the lack of  an effect on the peroneal  nerve in protocol 
If may be due to the fact that this nerve was very severely affected, as shown 
by its MCV values, so as to require a longer period of  treatment.  In fact, the 
best resuhs in mice 2~ were obtained with higher  doses of  drug (up to 10 mg/kg)  
given fbr a longer  period. 

Another  point of  discussion is that patients of  protocol II with symptomatic  
neuropathy  a n d w i t h  longer durat ion of  diabetes responded better  than those 
of' protocol I. Recent  exper imental  data might  explain this: it has been 
demonst ra ted  that diabetic neuropathy  in genetically diabetic mice is character- 
ized by early insulin-dependent metabolic aherat ion a n d  by later structural 
modifications, that  are no longer  influenced by insulin t reatment .  These 
structural non-insulin-dependent alterations seem to be improved by exogen- 
ous gangtiosides -'~. 

tn conclusion, ganglioside t rea tment  seems to have a positive effect on 
diabetic peripheral neuropathy,  leading to improvement  both in some of  the 
symptoms and in electrophysiological parameters.  

Further  studies are now in progress to evaluate the effects of  gangliosides, 
particularly on the clinical aspects o f  diabetic neuropathy,  after a longer  period 
of  treatment,  

S U ' M M A R Y  

Canglioside treatment was evaluated whh a rnuhicenter, randomhed, double-bLind, con- 
trolled, cross-over vs placebo trial in 14,0 insulin-treated diabedc subjects with peripheral 
neuropaOay. The patients entered the study when they showed an impairment in at least two 
of the electroneurographic parameters, and were ass[gned to two protocols according to the 
presence and severity of ~eir neurological symptoms. Ninety-seven diabetic subjects with no or 
mild symptoms were assigned to protocol I, whereas 43 symptomatic patients were assigned to 
protocol II. The treatment periods lasted 6 weeks with an intermediate washout period of 4, 
weeks. The treatment consisted in the daily" i.m. administration of 20 mg gangliosides or of 
placebo. Electroneurographic parameters were recorded at the beginning and at the end of 
each treatment period, whereas clinical and metabolic data (mean daily plasma glucose, 
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glycosuria and glycosylated hemoglobin) were evaluated every three weeks in protocol I and 
every two weeks in protocol It. No change in the metabolic parameters was observed throughout 
the trial period. However, the treatment induced a statistically significant improvement  of  
paresthesias (protocol II) and of some electrophysiological parameters; in particular, ganglioside 
treatment improved MCV of peroneal nerve (p < 0.03) in patients of  protocol t, MCV of ulnar 
nerve (p < 0.002) and SCV of median nerve (p < 0.06) in patients of  protocol II. Furthe~xnore, 22. 
subjects of  protocol II showed a Mrug preference' while 10 preferred placebo and 9 had no 
preference. In conclusion, ganglioside treatment seems to have a positive effect on diabetic 
peripheral neuropathy] improving bore some symptoms and some electrophysiological para- 
meters. 
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time: the fourth dimension in medicine 

degrees (3~0 ~ -=:. 24 hrs) 
A)  0 ~ - -90  ~ - -180 ° - -270 . . . .  360 ° - -450 ° - -540 ° 

"~ 1 0 8 ~ k - 2 6 . 5 °  F = ~ ' Y ]  'q N 3 = 23 where N = no. of data points (9) 
"~ t " ' -  * ~ ' ~  W:- (t,)j-'/( - ) ' ® . j . -  . . . . .  .. 

1°4 i / l  "", 
~. ~,,,q 'f '~ ,  test of zero ampli tude y;elds P ( t r u e A = 0 )  < 0 . 0 t  >,~ 

{ t g ,I I, . . . . .  oo,,oo0a,,e o~" M = ~oo <~ < .. . .  G ' + + A % ]  - - 98 " . . t  ot 'he~t f~. iog'  

9 ~  wakefulness Y,-Y (tO ! 
" i i i i l i l { / / / ( ~  r ~ F l l i l l i i l f  ~ , 

00 m Q6 °° 12 c° 18 ~ 00 ~a 06o0 12 ~ 
c lock hrs (t) 
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=E / ~ c r ° p h a s e ( ' ~ ) ' ~  1 overf i t  of ' p e s t  f i tt ing' / 

 oli . . . .  -4 
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g l [  <<<<~<~e<i f . . . .  l 
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time (c lock hrs), t~ 

M = mesor; A = amplitude; ~ = an~ular velocity, he:e -~ 360"/24 hrs ~ t5°/b; 
t = time {hts after 00~); ~ ='ce, mpu~atJve acrophase (degree,s from OW ~) 

A) Testing rhythm sinusoidality by variance ratio, F; 
abstract example with 24-h cosine function y(t), continuous curve, Etted by least squares to data 
y~(o) obtained during wakefulness span; 
M = n~esor; A = ampli~ude; m = angular velocity, here ~ 360°/24 hrs ~ 15°/h; t = time (hrs 
a/ter 00°°.); 0 = computat!ve acrophase (degrees ~tom O0°°); {o = 2~/~. 

B) Parameter M, A and ~ estimation by least squares fi~ of cosine model with t£xed period: 
y~ = M + [A cos (~ + 2.~/*tl) + e~]; 
t~ = time; yz = observaxion at tu e~ = erro~ at t,, having an independent nornaal d#~ribuEon wi,th 
mean zero and unknown variance ~rq 

Computer programs facilitate inferential statistical rhythm detection in noisy data such as those 
usuaIiy coI!ected in a ctknic (A) and the estimation of the rhythm's properties (/3). 

..."the recognition of a spectrum of frequencies characEerizing so many functions 
underlies a dynamic concept of health. This view includes focus upon the individual's 
predictably changing ability to react properly to both usual and unusual stimuli by 
adjustments in the extent or timing of rhythms. Indeed, as the chronobiologist 
resolves predictable, spontaneous changes, he also estimates the nature and the extent 
of responses to environmental factors. Thus eventually, as a dynamic approach to 
the problem of heatth assessment and maintenance, he may be abte to optimize the 
timing of activities, L'~ work and leisure: for best immediate productivity compatible 
with 10ng-term health'. 
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rationale for chronotherapy in rhythmic systems 

repeated doses 
_ a p p l i e d  at different times to the 

V ~ - ~  same ind,viduals 1 1 1 1 1 
(e.g., every 3hrs for 24hrs) 
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organism 
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• (e.g., 24 hrs) (e.g., 24hrs) 
1 time I 

outcome o f . . . ,  to×icky-+death tolerance-->survival 
~dentiea( total dose-" 

The effect of equal (time-invariant) doses results, as a rule, in unequal responses, in rhythmic 
systems. Accordingly, for a time-invariant response, unequal doses (time-variant treatment) is 
essential. Chronotherapeutic schemes may involve variations, as a function of time, in ldnd as 
well as dose and tLme (if treatment is to be eventually optimized). 

. . . . .  'it is shown that the administration of a potentially harmful yet o therwise  
useful agent such as a drug has drastically different effects along the 24-h scale' 
(Halberg, modified}. 


