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Abstracts A series of 18 chrysin derivatives, prepared by alkylation and condensation, were fully 

characterized by NMR and other techniques and tested in vivo against the diabetes mellitus. Several modified 

compounds especially those with propyl, butyl, octyl and tolyl groups were found to have hypoglycemic effect 

on diabetec mice in spite of the fact that chrysin itself had inhibited insulin release by 40-60%. None of the test 

animals died at the maximum dose 500mg/kg and did not cause any significant change in general feature, water 

and food consumption, body weight and organ weight when we examined the acute oral toxicity of those 

compounds having significant hypoglycemic effect © 1999 Elsevier Science Ltd. All rights reserved. 
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Introduction 
Chrysin is a flavone widely distributed in plants which was reported to have many different biological 

activities including anti-oxidant ~, anti-allergic 2, anti-inflammatory 3, anti-cancer 44, antiestrogenic 6 and anxiolytic 7 

activities. However, chrysin or its derivatives have not been reported to have hypoglycemic effect. Furthermore, 

chrysin(0.08mmol/1) was found to inhibit insulin release by approximately 40-60%. 8 In this study, we synthesized 

chrysin derivatives and examined their effects on the blood glucose level in order to evaluate their anti- 

diabetogenic activity using streptozotocin(STZ) as a diabetogenic agent. 91° And also we examined the acute oral 

toxicity of 4 compounds. 

Chemistry 
Chrysin alkyl derivatives were prepared by alkylation using alkyl bromide or alkyl chloride. As a result, 

5,7-dialkoxychrysin and 5-hydroxy-7-alkoxychrysin were synthesized(scheme 1). In case of monoalkyl 

derivatives, various analytical data, especially NOESY and COLOC spectra showed that substitutions occurred 

mostly at the 7-position of chrysin but very little at its 5-position.n The reason why the substitution occurred 

mostly at the 7 position may be due to the hydrogen bonding of 5-OH group with carbonyl group. When acetic 

anhydride was reacted with chrysin, only a diacetyl derivative was produced(scheme 2). Only 5-acetoxy-7- 

hydroxychrysin, but not 7-acetoxy-5-hydroxychrysin was obtained by partial hydrolysis of the diacetyl derivative 

0960-894X/99/$ - see front matter © 1999 Elsevier Science Ltd. All rights reserved. 
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in MeOH or EtOH. It is supposed that 7-position of 5,7-diacetoxychrysin was easily attacked during the 

hydrolysis because it was open. Chrysin acyl derivatives were synthesized by condensation using 
dicyclohexylcarbodiimide(DCC) and 4-dimethylaminopyridine(DMAP) in THF solvent or condensation using 

diethylphosphoryl cyanide (DEPC) and triethylamine(TEA) in DMF solvent(scheme 3). In this case, chrysin 
derivatives substituted only at the 7-position were formed, but not 5-position.~2 

Scheme 1 

H O ~ +  RBr(RCI) K2CO3(KHCO3)THF R O ~  + R20 ~ 

OH O OH O OR 1 0  
2 R=CH 1 3 R=C2~5 5 R=C4H 9 8 Rl=R2=CH~ 

R=C 8Ht 7 9 RI=P~2=C2FI ~ 
4 R=C3H7 7 R=C12H25 10 RI=R2=C3I-I" 7 

11 R I=R2=C4H 9 

Scheme 2 

 2 3Aco  
partial hydrolysis 

OH 0 OAc 0 OAc 0 

12 13 

Scheme 3 

+ 
OH 0 OH 0 

14 R=Acety lsalicylyl 
15 R=Benzy 1 
16 R=Cinnamy 1 
17 R=4-Metho~cinnamy 1 
18 R=p-Toly 1 
19 R=p-Fluorophenyl 

Biological Activity 

Streptozotocin(45 mg/kg bodyweight, 0.01M citrate buffer) T M  was injected i.v. into the tail of the male 
SD rats. After 24 hours, blood was collected from the eye-ball veniplex of the rats and the serum was obtained 
by centrifugation of the blood. When glucose concentration was more than 300 mg/dl in the serum, the rat was 
selected as a diabetec. The compounds were suspended in 3% Tween 80(40-50mg/kg bodyweight). A dose of 
1 mg/100g bodyweight was orally administered to the rats once daily for seven days. We started administration of 
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samples  immedia te ly  af ter  w e  conf i rmed  the  rat as the  diabetec.  On  24 h o u r s  after  the  last  adminis t ra t ion  o f  the  

dose,  the  ra ts  w e r e  anes the t i zed  and the  b lood w a s  at tained f rom the heart.  Af te r  the  b lood w a s  col lected f rom 

the  hear t  in hepar in ized  tubes ,  the  s e rum w a s  separa ted  by centr i fugat ion.  G lucose  concen t ra t ion  in the  sera was  

m e a s u r e d  by u s i n g  a g l ucose  kit based  on  g lucose  ox idase  me thod .  ~s Af ter  m e a n  va lues  and  s tandard  devia t ions  

were  calculated,  the  va lues  o f  the  control  and t rea ted  g r o u p s  were  subjec ted  to F-test .  The  s ignif icance o f  the  

dif ferences  b e t w e e n  t h o s e  g r o u p s  was  evaluated  accord ing  to L S D  test.  

T h e  acute  oral tox ic i ty  o f  c o m p o u n d s  5, 6, 10 a n d  18 in rats a n d  mice  

T h e  a c u t e  oral  t ox i c i ty  o f  4 s u b s t a n c e s ,  5, 6, 10 and  18 w e r e  e x a m i n e d  in ma l e  SD ra t s  and  ma le  I C R  

mice. The  tes t  s u b s t a n c e s  w e r e  s u s p e n d e d  in 1% C M C  A single dose  o f  5 0 0 m g / k g  w a s  orally admin i s te red  into 

the  ra ts  and  d o s e s  o f  5 m g / k g ,  2 0 m g / k g ,  1 0 0 m g / k g ,  5 0 0 m g / k g  in to  the  mice .  Fo r  t he  c o n t r o l  g r o u p  only  1% 

C M C  w a s  a d m i n i s t e r e d .  T h e  s u s p e n s i o n s  o f  the  t e s t  s u b s t a n c e s  w e r e  a d m i n i s t e r e d  at  a v o l u m e  o f  2 0 m l / k g  

T a b l e  1 .  

Group mw.  

Properties and in vivo activities of chrysin derivatives. 

Yield m.p  UV Dose 

(%) 

control - -  

1 254 

2 268 40 

3 282 30 

4 296 15 

5 310 41 

6 366 95 

7 422 95 

control - -  - -  

8 282 42 

9 310 52 

10 338 40 

11 366 20 

12 338 95 

13 296 95 

control 

14 416 14 

15 358 97 

16 384 73 

control 

17 414 92 

18 376 97 

19 372 96 

( ~ )  ( ~ m~ MeOH) 

285-286 269,312 

163-166 268,307 

143-149 268,310 

122-125 269,301 

137-141 268,311 

80-86 269,311 

89-92 257,308 

143-145 264,306 

145-148 264,307 

127-129 264,306 

108-110 264,307 

198-201 254,294 

162-164 268,311 

193-198 271,294,329 

185-191 226,269,326 

180-182 278,362 

218-221 273,3i8 

192-196 229,268,327 

190-192 268,328 

No of! 
(mg/kg) animal 

5 

45 7 

50 5 

50 5 

50 5 

5O 5 

50 5 

50 5 

6 

40 8 

45 8 

42 7 

43 8 

43 7 

- -  9 

40 6 

5O 5 

50 5 

- -  4 

40 6 

4O 5 

40 5 
(Values are mean + S D ,  significantly different from the control " p < 0.05 ) 

Blood glucose level(mg/dl) 7day/0day 

0 da~ 7 day (%) 

461.2+-122.8 400.0±78.8 86.7 

482.4±46.4 503.5+--62.5 104.4 

455.0-+33.6 399.6±85.9 87.8 

400.4 +- 55.0 405.4 ± 34.7 101.2 

400.0+-19.4 237.8-+115.2" 59.5 

545.6+-79.1 252.4+-124.7" 46.3 

4il.2-+41.9 211.4+-64.2 . 51.4 

465.6+45.3 381.3+-35.5" 81.9 

449.2 +- 61.2 486.3 +- 100.0 108.3 

444.4+--49.8 399.5-+83.0 89.9 

436.6±62.5 400.5±89.7 91.7 

448.3+--69.9 287.0+--141.1 - 64.0 

454.4±82.8 405.7 + - 146.8 89.3 

472.0±60.5 341.5+- 124.8" 72.4 

418.4 ± 37.3 413.6 + 43.1 98.9 

489.3 ± 98.2 500.9-+ 124 102.4 

496.2~37.4 515.6+-44.3 103.9 

440.6 +-- 60.3 407.9 +- 38.0" 92.6 

447.7 ± 120.5 356.2 + 147.7 79.6 

475.9-+69.8 333.3 + 177.3 70.0 

464.3±89.2 261.8+157.5 - 56.4 

458.2 -+ 40.6 363.5 + 182.5 79.3 
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bodyweigh t .  The  rats  and mice  w e r e  housed  convent iona l ly  under  barr ier  condi t ions  for 1 w e e k  in po lyca rbona t e  

cages.  The  r o o m  t e m p e r a t u r e  w a s  main ta ined  at 23 _+ 2 °C and the re la t ive  humid i ty  at  55 + 10%. Art if icial  l ight  

was  p rov ided  con t inuous ly  for 12 hr/day. Food  and w a t e r  w e r e  freely provided.  H o w e v e r ,  p r ior  to  dos ing  (s ince 

15 hours  before  dosing) ,  the rats  and mice  were  fasted. All exper iments  w e r e  carr ied out  on 10 a . m  The tes t  

animals  w e r e  obse rved  every  hour  for 6 hours  soon after d o s i n g  On subsequent  days the animals  w e r e  obse rved  

for 1 hour  once  in a day for 12 days. Changes  o f  genera l  feature,  special  symptoms,  morta l i t ies ,  food  in take and 

wa te r  in take  w e r e  observed.  Individual  bodyw e igh t s  o f  all the animals  w e r e  recorded  on 3 ra, 6 t~, 9 th and 12 th day 

pr ior  to and after  dosing.  On 13 th day after dosing,  the rats  were  kil led by exsangu ina t ion  f rom the abdominal  

aor ta  whi le  they  w e r e  under  l ight e ther  anesthesia.  The morpho logy  o f  the external  and internal  organs  were  

carefully examined.  And  the w e igh t s  o f  liver, spleen, k idney  and lung were  measured .  The  da ta  w e r e  eva lua ted  

by A N O V A  test  and N e u m a n - K e u l s  test. 

T a b l e  2. Acute oral toxicity, data of chrysin 4 derivatives. (compound 5, 6, 10 and 18) 

Treatment Morta- Water con Food con 
Animal Signs b 

(mg/kg) lity ~ -sumption c -sumption d 

Control 0/10 82.92 52.88 

5 0/10 82.50 

20 0/10 79.33 52.81 
5 

100 0/10 80.92 50.53 

500 0/10 82.83 50.41) 

5 0/10 79.83 51.28 

20 0/10 81.67 52.57 
6 

100 0/10 82.83 

Mouse 500 0/10 81).75 

5 0/10 80.00 48.09 

20 0/10 80.92 53.20 
10 

100 0/10 81.75 49.77 

500 0/10 81.75 49.87 

5 0/10 

2O 0/10 
18 

100 0/10 83.75 50.78 

500 0/10 82.08 49.86 

Control 0/6 218.16 116.50 

Rat 5 500 0/6 197.16 113.58 

6 500 0/6 205.91 113.08 

10 500 0/6 218,50 115.41 

18 500 0/6 216.83 112.83 

Body weight' Organ weight f (Rat) 

o day 12 day 

26.2 ± 1.69 33.5 ± 1.84 

51.91 24.9±1.60 32.7±2.54 

23.8 ± 1.23 30.6 + 3.09 

23.5 ± 1.84 31.0 ± 3.17 

24.3±2.31 31.3+-2.15 

23.8 ± 2.62 30.8 ± 2.70 

25.5 ± 2.46 32.1 +- 2.76 

51.41 24.8±1.93 31.6±2.92 

50.60 24.0 ± 2.54 30.1 ± 2.61 

22.3 ± 1.89 

25.3 +- 3.16 

25.2 ± 2.44 

22.7 ± 2.54 

28.2 ± 1.65 

31.9 ± 3.51 

32.1 +-2.45 

29.5 ± 1.58 

80.42 49.35 25.1 ± 1.97 32.2 -+ 1.92 

80.75 50.60 24.7 ± 2.50 31.4 + 2.29 

25.2 ± 2.70 

24.8 ± 2.44 

236.7 ± 9.3 

235.1) ± 8.4 

231).8 + 8.0 

235.8 + 4.9 

2375 + 8.2 

31.6 ± 2.72 

31.2+_3.55 

301.7 + 14.7 

293.3 ± 7.5 

290.8 ± 18.8 

300.8 ± 8.6 

302.5 ± 5.2 

Liver 

Con. 10.66 + 0.32 

5 10.74 + 1.33 

6 9.96 ± 1.28 

10 9.64 + 0.70 

18 9.60 + 0.90 

Spleen 

Con. 0.63 ± 0.07 

5 0.71 ±0.07 

6 O.69 + O.09 

10 0.61 + 0.06 

18 0.66 ± 0.07 

Kidney 

Con. 0.93 ± 0.04 

5 1.04 + 0.07 

6 1.Ol + 0.09 

10 0.97 + 0.06 

18 0.98 ± 0.07 

Lung 

Con. 1.22 ± 0.06 

$ 1.19+0.07 

6 1.26 ± 0.09 

10 1.23 ± 0.04 

18 1.26 _+ 0.20 

a : Mortali~ of experimental animals orally treated with compound 5,6,10 and 18. Each value represents No. of dead animals per No. of treated animals until 
12th day. b : Clinical signs in experimenlal animals orally treated with compound 5,6,10 and 18. (-) represents negative sign of abnormal symptoms in 
treated animals, c : Daily water consumption in mice and rats orally treated with compound 5,6,10 and 18. Each value represents an average (ml) of daily 
water consumption of 10 mice and 6 rats lbr 12 days. d : Daily lbod consumption in mice and rats orally treated with compound 5,6,10 and 18. Each value 
represents an average (g) of daily food consumption of 10 mice and 6 rats fur 12 days. e : Bodyweights in mice and rats orally treated with compound 5,6,10 
and 18. Each value represents mean :t: S.D. of 10 mice and 6 rats in each cage(this table have only values of 0 and 12th day). f: Organ weights of SD- 
rats(treatment: 500mg/kg) orally treated with compound 5,6,10 and 18. Each value represents mean + S.D of 6 rats in a cage. 
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Results and discussion 
Properties and hypoglycemic activities ofchrysin derivatives were shown in Table 1. When injected into 

the mice treated with streptozotocin, several compounds elicited hypoglycemic effect. Among them, 4, 5, 6, 7, 

10, 12, 16 and 18 decreased the glucose level in the blood as compared with that of  the control. Particularly 

compound 5 showed more than 50% decrease in the blood glucose level at day-7 in comparison with that of day- 

0. This fact is remarkable when it was compared with the result of the effect of the parent compound chrysin on 

diabetes. And for the first time we revealed that chrysin derivatives have a hypoglycemic effect. Although 

general structure-activity relationship of the chrysin derivatives to hypoglycemic effect was not elucidated from 

these data, the alkyl derivatives mostly exhibited stronger activity than the acyl derivatives and among the alkyl 

derivatives, the compounds with 3, 4 and 8 carbons showed significant activity. And it was obvious that hydroxyl 

group of the 5-position was important for activity when compound 4 and 5 were compared with the results of 

the effect of the compound l0 and 11. Although most of the acyl derivatives did not show significant activity as 

compared with that of  the control group, compound 18 with the methyl group at the para position of the 

benzene ring exhibited significant activity. 

The acute oral toxicity of  the test substances was shown in Table 2. None of the test animals died at the 

maximum dose 500mg/kg during the experiment. When the animals were observed, no change in the organs was 

detected in all the animals. The administrations of the samples did not cause any change in the uptake amount 

water and feeds as compared with that of the normal control group. The increase of bodyweight after 

administration was not significant when the weights of the normal control group were compared. When the 

morphology of the external and internal organs of the scarified rats were examined, no abnormal change was 

detected. When the weights of liver, spleen, kidney and lung were measured, the test substances did not cause 

any significant change in them. A more detailed analysis of SAR and further work for the toxicity and biological 

activities will be described in future publications. 
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