










Abstract 
 
 
 

Studies on the effectiveness and development of Luobuma (Apocynum venetum L.) as a functional food 
 

Tamami Kagawa 
 
 

Apocynum venetum L., commonly known as Luobuma in China, is a traditional and popular Chinese herb with a 
long history of use as a medicine and tea. Some studies have reported an antihypertensive effect of A. venetum leaves, 
but the detailed mechanism underlying its action is unclear. To evaluate the therapeutic effect of A. venetum leaf 
extract (LLE) as a functional food against hypertension, the author evaluated its cardiovascular effects, toxicological 
safety in rats, and hypotensive properties in humans. 

 
1. Thin layer chromatography on an RP-18 plate using water-acetic 
acid-methanol (6:2:1) as a solvent system was employed for chemical 
differentiation of authentic Luobuma (A. venetum L.) from Poacynum 
hendersonii (Hook f.) Woodson, which is mistakenly distributed as 
Luobuma in some Chinese markets. High-performance liquid 
chromatography on a Navi C18-5 column using acetonitrile-water-acetic 
acid (50:350:20) as the solvent system was used for quantitative analysis 
of the major flavonoids, hyperoside (HP) and isoquercitrin (IQ) (Fig. 1), 
in raw materials, LLE, and tea made from Luobuma as the quality 
control. 
 
2. The effect of LLE on blood pressure and its mechanism were examined using LLE that was chronically 

administered orally to unanesthetized spontaneously hypertensive rats (SHR) and to normotensive Wistar Kyoto 
(WKY) rats. Administration of LLE caused a decrease in blood pressure only in SHR in a dose-dependent manner. 
Next, under anesthesia, LLE was intraduodenaly administered to SHR or Sprague Dawley rats (SDR). In this 
experiment, LLE did not have an effect on either noradrenaline-induced increase or acetylcholine-induced decrease 
in blood pressure in SHR. LLE did not show any effect on angiotensin I-induced increase in blood pressure in SDR.  

The vasodilator effect of LLE on the rat mesenteric vascular bed was also tested. In a perfused mesenteric 
vascular bed with active tone and intact endothelium, perfusion of LLE (100 pg/ml to 100 mg/ml for 15 min) caused 
dose-dependent vasodilation, which was attenuated by chemical ablation of the endothelial layer. The author also 
performed experiments with an inhibitor of endothelium-derived hyperpolarizing factor (EDHF) in a blood vessel 
relaxation reaction. The results suggested that the vasodilation induced by LLE was endothelium dependent and 
mediated by the EDHF pathway, which involves the activation of K+ channels. Higher concentrations of LLE may 
enhance nitric oxide (NO) production/release and thereby cause vasodilation. 

 
3. HP (20 mg/kg body weight), IQ (20 mg/kg body weight), or their equivalent mixture [HP + IQ] (40 mg/kg body 

Fig. 1 The structure of flavonoids  



weight) was chronically administered orally to unanesthetized SHR. A significant antihypertensive effect was 
observed in the [HP + IQ] group but not in the other two groups. In addition, after a 7-week administration of [HP + 
IQ], the thickness of the media layer decreased, whereas the endothelial NO synthase activity in the coronary artery 
and NO concentration in plasma significantly increased. [HP + IQ] improved endothelial function, and the 
antihypertensive effect of [HP + IQ] was exerted on NO-mediated endothelium-dependent vasodilation. 

Furthermore, the concentration of quercetin metabolites in plasma was measured for 24 h using liquid 
chromatography-tandem mass spectrometry (LC-MS/MS) after enzymatic hydrolysis. During administration of [HP 
+ IQ], the concentration of quercetin metabolites in plasma did not change significantly and was mostly constant for 
24 h compared with that during the single administration of HP or IQ. Therefore, it is suggested that the 
antihypertensive effect of [HP + IQ] results from the differences in the plasma concentration of the metabolites HP 
and IQ between combined and single administrations. 

 
4. To evaluate the toxicological safety of LLE, repeated doses were administered to male and female rats for 90 

days. The 90-day administration of repeated doses of LLE at 1,000 mg/kg/day or 2,000 mg/kg/day to Wistar rats 
caused no abnormalities in external appearance or behavior. No significant toxic effects were observed in 
hematological, biochemical, and urine tests. No changes were observed in either absolute or relative weight of 
organs, in macroscopic findings, or in histological findings at the end of the treatment period. Consequently, oral 
administration of LLE at 2,000 mg/kg/day to both male and female rats did not produce any toxicologically 
significant effects, showing a high safety level. 
 
5. Hypotensive properties and safety of a beverage containing LLE were examined in humans in a randomized, 

double-blind, placebo-controlled, and parallel-group study. The subjects were adult males and females with high 
normal blood pressure or mild hypertension who were not taking any hypotensive medication. The test beverage or 
placebo was given once a day for 12 weeks. The results revealed that the systolic and diastolic blood pressures were 
significantly lowered after 8 weeks of dietary supplementation in the test group, but not in the placebo group. Thus, 
these results demonstrated the benefits of the beverage containing LLE in subjects with high normal blood pressure 
or mild hypertension. 
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Table 7. Tmax and Cmax of Quercein or Isorhamnetin Concentration in the 

Plasma of SHR after Oral Administration of HP, IQ or Mixture [HP+IQ] 

�

�

�

Each value represents the mean– S.D. (n=6).  

  

(a) HP 20 mg/kg   >Ì >Ì>Ì >Ì>Ì >Ì>Ì >Ì >Ì >Ì >Ì >Ì >Ì>Ì >Ì >Ì >Ì >Ì>Ì >Ì >Ì >Ì >Ì>Ì >Ì >Ì >Ì >Ì (b) IQ 20 mg/kg   >Ì >Ì >Ì >Ì >Ì >Ì>Ì >Ì >Ì >Ì >Ì >Ì>Ì >Ì >Ì >Ì >Ì >Ì>Ì >Ì >Ì >Ì >Ì >Ì(c) HP+IQ 40 mg/kg  >Ì
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Fig. 28. Quercein or Isorhamnetin Concentration in the Plasma of SHR after 

Oral Administration of HP, IQ or Mixture [HP+IQ]  

Quercetin or isofhamnetin concentration were measured by LC-MS after enzymatic 

hydrolysis. Each value represents the mean– S.D. (n=6). ����
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Quercetin 5.2 – 2.0 3.06 – 0.86 0.8 – 0.3 13.44 – 1.15 3.1 – 2.3 9. 86 – 1.00

Isorhamnetin 6.0 – 0.0 3.51 – 1.26 3.5 – 2.8 8.63 – 2.34 6.0 – 0.0 10.62 – 3.12

HP 20 mg/kg IQ 20 mg/kg HP+IQ 40mg/kg

Tmax (h) Cmax (� MH� Tmax (h) Cmax (� MH� Tmax (h) Cmax (� MH�
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(A) Quercein Analysis 
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(B) Isorhamnetin Analysis 
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Fig. 29. Typical LC/MS/MS Chromatogram of SHR Plasma after Oral 

Administration of HP, IQ or Mixture [HP+IQ].  

 (a) Cont.  

 (0.5%CMC) >Ì>Ì>Ì>Ì

 (b) HP  

20mg/kg>Ì>Ì>Ì>Ì

 (c) IQ 

20mg/kg 

 (d) HP+IQ 

 40mg/kg>Ì>Ì>Ì>Ì

 (a) Cont. >Ì>Ì>Ì>Ì

 (0.5%CMC) >Ì>Ì>Ì>Ì

 (b) HP  

20mg/kg>Ì>Ì>Ì>Ì

 (c) IQ 

20mg/kg 

 (d) HP+IQ 

 40mg/kg>Ì>Ì>Ì>Ì
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Fig. 30. Total Metabolites (Quercetin plus Isorhamnetin) Concentration in the 

Plasma of SHR after Oral Administration of HP, IQ or >K>K>K>Kixture[HP+IQ]  

Quercetin or isorhamnetin concentration were measured by LC-MS after enzymatic 

hydrolysis. Each value represents the mean± S.D.(n=6).  

Alphabets, ABCD or abcd etc. indicate significant differences between each of the 

groups, ABCD: p<0.01, abcd : p<0.05. Group A ; Cont, B ; HP 20mg/kg, C ; IQ 

20mg/kg, D: HP+IQ 40mg/kg (one-way ANOVA, Dunnet multiple comparison)  

 

 

'¨'¨' '̈¨ 4 8o8o8o8o�������� *ƒ�9*ƒ�9*ƒ�9*ƒ�9  

HP, IQ �c¹�_�£�Ý��³�å4Ä(¾�/�[�6�~ , HP�c�Ç�Û�Î�À�–�»9µ�A�b C #” 3 �)�_

galactose, IQ�c� �)�_ Glu �@)��œ�K, �g�B�(�c�|�C���S�S4��b�ì�œ"@�[�6�• . HP

�_�X�8 �Z�ž�Z �‹ 24 �ì6ë�b/‘ �p �· �Â�†1* �m�S�v �b�c�•%Ê'2�@�c�L�u �Z�[ �6 �~ , 

HP �\ IQ �b�¾�p�·�Â�_%&4*�@1��u�}�€�•�G�\�†�Â�}�?�_�K�S .  �� �� ��  

quercetin�b 3 �) , 4’�) , 7�)�b�Ô�À�¢�Ý�¥�©�»�c , +`'ö�¾�p4#&ì�[�`+`�V$ö(ý+


�_ �Ñ �~ �M �• � - �¢ �Ý �¥ �© �² �î �® �x �Û �¡ �± �î �® �Ç �ß �Ü �ª �å �( 0Ž 4Ý (ò (lactase 

phlorizin hydrolase : LPH)�_�|�~�•�È�(0Ž�I�€�•�? , �¢�Ý�¥�î�«�º�Û�å�«�Ï�î �±

�î  (sodium-dependent glucose transporter� �� SGLT-1) �†�Ó�K�Z�¾�p�I�€�•�G�\�@





















�
� �

69 

Table 11. Absolute Organ Weights in Rats after 90 Days Oral Administraion of 

LLE 

 

 

 

 

 

 

 

 

Each value represents the mean– S.D. (n=10/each group). *p<0.05 vs control group 

(Dunnett’s test) 

 

Table 12. Relative Organ Weights in Rats after 90 Days Oral Administraion of 

LLE 

 

Body weight (g)# : Terminal body weight. Each value represents the mean–S.D. 

(n=10/each group).  

 

Males Females
Control 1,000 mg/kg 2,000 mg/kg Control 1,000 mg/kg 2,000 mg/kg

Body weight (g)# 348.8 – 15.5 347.1 – 17.9 339.1 – 10.5 193.6 – 13.5 188.7 – 9.3 19 8.5 – 14.9
Brain (g%) 0.590 – 0.029 0.586 – 0.033 0.590 – 0.023 0.939 – 0.053 0.941 – 0.045 0.906 – 0.064
Heart (g%) 0.264 – 0.012 0.273 – 0.018 0.282 – 0.018 0.304 – 0.017 0.309 – 0.019 0.299 – 0.013
Liver (g%) 2.596 – 0.072 2.514 – 0.145 2.727 – 0.236 2.475 – 0.127 2.521 – 0.130 2.471 – 0.105
Kidney (g%) 0.640 – 0.027 0.637 – 0.039 0.658 – 0.030 0.672 – 0.039 0.693 – 0.035 0.686 – 0.039
Thymus (g%) 0.064 – 0.005 0.060 – 0.077 0.060 – 0.008 0.094 – 0.008 0.094 – 0.012 0.087 – 0.012
Spleen (g%) 0.189 – 0.015 0.177 – 0.009 0.179 – 0.009 0.227 – 0 .021 0.228 – 0.024 0.217 – 0.016
Adrenal gland (mg%) 14.8 – 1.7 14.6 – 1.2 14.6 – 1.1 25.1 – 1.9 26.9 – 2.6 25.4 – 2.6
Lung (g%) 0.293 – 0.018 0.285 – 0.014 0.296 – 0.014 0.383 – 0.045 0.398 – 0.047 0.364 – 0.029
Testis (g%) 0.876 – 0.044 0.853 – 0.044 0.876 – 0.038 H	 H	 H	
Epididymis (g%) 0.270 – 0.011 0.265 – 0.013 0.269 – 0.014 H	 H	 H	
Prostate (g%) 0.246 – 0.030 0.258 – 0.039 0.258 – 0.024 H	 H	 H	
Seminal vesicle (g%) 0.367 – 0.032 0.351 – 0.032 0.346 – 0.040 H	 H	 H	
Ovary (mg%) H	 H	 H	 27.7 – 1.4 31.0 – 4.1 29.0 – 1.9
Uterus (g%) H	 H	 H	 0.237 – 0.080 0.235 – 0.096 0.210 – 0.044
Salivary gland (g%) 0.148 – 0.009 0.152 – 0.012 0.146 – 0.013 0.171 – 0.007 0.178 – 0.016 0.169 – 0.011
Thyroid (mg%) 4.95 – 0.76 5.51 – 0.61 5.23 – 0.32 6.22 – 1.23 6.03 – 0.67 6.81 – 1.19

Day

Males Females
Control 1,000 mg/kg 2,000 mg/kg Control 1,000 mg/kg 2,000 mg/kg

Brain (g) 2.048 – 0.050 2.027 – 0.060 1.997 – 0.063 1.811 – 0.0 44 1.772 – 0.020 * 1.789 – 0.033
Heart (g) 0.926 – 0.066 0.949 – 0.056 0.953 – 0.041 0.587 – 0.037 0.582 – 0.023 0.596 – 0.048
Liver (g) 9.059 – 0.587 8.707 – 0.477 9.232 – 0.637 4.782 – 0.283 4.753 – 0.271 4.903 – 0.403
Kidney (g) 2.233 – 0.125 2.211 – 0.116 2.230 – 0.095 1.297 – 0.064 1.304 – 0.066 1.358 – 0.073
Thymus (g) 0.221 – 0.016 0.202 – 0.019 0.200 – 0.027 0.183 – 0.024 0.180 – 0.025 0.175 – 0.032
Spleen (g) 0.657 – 0.055 0.615 – 0.045 0.606 – 0.031 * 0.438 – 0.057 0.428 – 0.033 0.431 – 0.045
Adrenal gland (mg) 51.5 – 6.4 50.9 – 3.3 49.4 – 4.3 48.4 – 3.9 5 0.7 – 3.8 50.2 – 5.7
Lung (g) 1.023 – 0.048 0.989 – 0.046 1.000 – 0.042 0.739 – 0.066 0.748 – 0.069 0.720 – 0.046
Testis (g) 3.054 – 0.112 2.953 – 0.103 2.967 – 0.126 H	 H	 H	
Epididymis (g) 0.945 – 0.032 0.913 – 0.034 0.911 – 0.035 H	 H	 H	
Prostate (g) 0.859 – 0.123 0.894 – 0.116 0.872 – 0.075 H	 H	 H	
Seminal vesicle (g) 1.287 – 0.103 1.216 – 0.095 1.168 – 0.124 H	 H	 H	
Ovary (mg) H	 H	 H	 53.4 – 5.1 58.6 – 7.4 57.8 – 6.2
Uterus (g) H	 H	 H	 0.462 – 0.165 0.439 – 0.163 0.418 – 0.096
Salivary gland (g) 0.519 – 0.040 0.521 – 0.035 0.495 – 0.034 0.332 – 0.019 0.334 – 0.018 0.333 – 0.019
Thyroid (mg) 17.22 – 2.27 19.12 – 2.30 17.76 – 1.05 11.98 – 2.10 11.37 – 1.20 13.61 – 3.12
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Fig. 32 Effect of LLE on Blood Pressure in High Normotensive Adult Male and 

Female Subjects 

#p<0.05, ##p<0.01, ###p<0.001 vs placebo group (t-test), *p<0.05 vs start of intake 

(Bonferroni test)  

 

 

 

 

 

 

 

 

 

 

 

Fig. 33. Effect of LLE on Blood Pressure in Mild Hypertensive Adult Male and 

Female Subjects 

#, p<0.05, ##p<0.01 vs placebo group (t-test), *p<0.05, **p<0.01 vs start of intake 

(Bonferroni test)  

Test food (n=23) 

Placebo (n=23) 

Test food (n=24) 

Placebo (n=21) 

Test period (weeks) 
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