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Dear Dr. Morissette, 

In response to your e-mail below from November 19, 2018, attached are our responses to FDA’s 
questions on GRN 000800.  Please confirm receipt and let us know if you have any additional questions. 

Best regards, 

Claire Kruger, PhD, DABT, CFS 
President 
Senior Director Regulatory Affairs 

ChromaDex Spherix Consulting 
11821 Parklawn Drive, Suite 310 
Rockville, MD 20852 

Tel: +1-301-230-2181 
Fax: +1-301-230-2188 
Mobile: +1-240-565-5501 
ClaireK@chromadex.com 
www.spherixconsulting.com 

From: Morissette, Rachel <Rachel.Morissette@fda.hhs.gov> 
Sent: Monday, November 19, 2018 1:39 PM 
To: Claire Kruger <ClaireK@chromadex.com> 
Subject: questions for GRN 000800 gamma-oryzanol 

Dear Dr. Kruger, 

Please see attached our questions to be addressed for GRN 000800. Please let me know if you have 
questions. 

Best regards, 

Rachel Morissette, Ph.D. 
Acting Supervisory Consumer Safety Officer 

Center for Food Safety and Applied Nutrition 
Office of Food Additive Safety 
U.S. Food and Drug Administration 
rachel.morissette@fda.hhs.gov 

GRAS Notice (GRN) No. 800 
https://www.fda.gov/food/generally-recognized-safe-gras/gras-notice-inventory
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CONFIDENTIALITY NOTICE The information contained in this e-mail (including attachments, if any) is 
confidential information intended only for the use of the individual or entity to whom it is addressed, 
and may be privileged. The information herein may also be protected by the Electronic 
Communications Privacy Act, 18 USC Sections 2510-2521. Any review, use, disclosure, distribution or 
copying of this e-mail, its content, and attachment (if any) is prohibited except by or on behalf of the 
intended recipient. If you have received this email in error, please notify the sender immediately by 
reply email, delete this email, and do not disclose its contents to anyone. Thank you. 
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Communications Privacy Act, 18 USC Sections 2510-2521. Any review, use, disclosure, distribution or 
copying of this e-mail, its content, and attachment (if any) is prohibited except by or on behalf of the 
intended recipient. If you have received this email in error, please notify the sender immediately by 
reply email, delete this email, and do not disclose its contents to anyone. Thank you. 
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review, use, disclosure, distribution or copying of this e-mail, its content, and attachment (if 
any) is prohibited except by or on behalf of the intended recipient. If you have received this 
email in error, please notify the sender immediately by reply email, delete this email, and do 
not disclose its contents to anyone. Thank you. 
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December 3, 2018 

Rachel Morissette, Ph.D. 
Acting Supervisory Consumer Safety Officer 
Center for Food Safety and Applied Nutrition 
Office of Food Additive Safety 
U.S. Food and Drug Administration 
5001 Campus Drive, HFS-255 
College Park, MD 20740 

RE:  Response to FDA Questions on GRN 800 - Gamma-oryzanol  

Dear Dr. Morissette: 

In response to your e-mail of November 19, 2018, following are our responses to FDA’s 
questions on GRN 800. FDA’s questions are in italics and our responses are in plain text. 

1) Oryza indicates that its commercial γ-oryzanol product derived from Oryza sativa Japonica
rice bran consists of five different ferulates. The notice states “product specifications and
other quality testing…in place to control the levels of the predominating sterol ferulates…”;
however, it is not clear how Oryza will do this. The content of natural products tends to vary
with growing conditions, such as season, weather, soil, etc. and across time. Please explain
how Oryza will maintain or control the levels of chemical components in its product and
what are the parameters associated with this.

Although natural product composition can vary with growing conditions, the relative abundance 
of the predominating ferulates in ORYZA GAMMAX does not vary more than 10% from year to 
year (see Table 4 (page 11) of the GRN 800 and note that the batches were produced over the 
course of 2015 and 2016 (the dates of manufacture for the four batches presented in Table 4 are 
provided in Table 3 (page 10))). Importantly, Oryza controls the sum of the predominating sterol 
ferulates with the “γ-oryzanol” product specification (see Table 3) using a validated HPLC 
method that quantitates the amount of cycloartenol ferulate, 24-methylene cycloartanol ferulate, 
campesterol ferulate, β-sitosteryl ferulate, cycloartanol ferulate, and cyclobranol ferulate. Thus, 
the product contains not less than 85% of the combined amount of cycloartenol ferulate, 24-
methylene cycloartanol ferulate, campesterol ferulate, β-sitosteryl ferulate, cycloartanol ferulate, 
and cyclobranol ferulate. Additionally, by qualifying each batch for release against the γ-
oryzanol specification, the levels of the predominating sterol ferulates are monitored. 

11821 Parklawn Drive, Suite 310 
Rockville, MD  20852 

T: (301) 230-2180; F: (301) 230-2188 
https://chromadex.com/consulting-overview/ 

https://chromadex.com/consulting-overview


  
    

 
 

  
   

 
 

  
 

 
  

  
    

 
 

  
 

 
  

 
 
 
 

  
  

  

 
  

  
 

 

 
 

 

 
   
  

  
    

  
  

  
  

Rachel Morissette, Ph.D. December 3, 2018 
U.S. Food and Drug Administration Page 2 

2) On page 32 in the “Genotoxicity Studies” section (Section VI.B), Oryza states that the 
genotoxicity of γ-oryzanol is corroborated (i.e., substantiated) by several DNA-related tests. 
However, the subsequent discussion of the results of these various tests indicates that γ-
oryzanol is not genotoxic. Please clarify these conflicting points. 

We agree that this statement is misleading and the studies in Section VI.B show that γ-Oryzanol 
is not genotoxic. We have therefore edited this paragraph to more accurately reflect the results of 
the genotoxicity testing. Please replace the first sentence of the discussion under “Section VI.B. 
Genotoxicity Studies” (page 32) with the following text: 

“ORYZA GAMMAX is not expected to be genotoxic based on the results reported by 
Tsushimoto et al., 1991. Using a preparation of γ-oryzanol resuspended in acetone with an 
unknown sterol ferulate composition, Tsushimoto et al. conducted DNA repair (Rec assay), 
bacterial reverse mutation (Ames assay), and in vivo chromosomal aberration tests.” 

3) In the summary of the toxicology studies, the NOAEL is stated as 3000 mg γ-oryzanol/kg 
body weight (bw)/day, the highest exposure level tested (e.g., page 33). However, in other 
sections of the notice, Oryza states that the NOAEL is 2000 mg/kg bw/day (e.g., page 3, point 
#7; page 44, paragraph 1; page 60, point #7). Please clarify the NOAEL selected by Oryza. 

This was a typographical error and the correct NOAEL is 2000 mg/kg bw/day. Please replace the 
second sentence in the discussion under “Section VI.C.1 Summary” (page 33) with the following 
sentence: 

“The no observed adverse effect level (NOAEL) for ORYZA GAMMAX was determined to be 
2000 mg/kg/day.” 

4) In the notice, Oryza discusses a white substance observed in the feces of male and female 
rats at the 1000 and 2000 mg/kg bw/day exposure levels of γ-oryzanol (page 38), in addition 
to the 3000 mg/kg bw/day exposure, suggesting that the γ-oryzanol test substance is not 
readily absorbed. Oryza noted that the white substance was not observed consistently 
throughout the study. However, it was present for the last 33-34 days of the 1000 mg/kg/day 
treatment group and for the last 87-88 days of the 90-day study in the 2000 mg/kg bw/day 
treatment group. This suggests that the white substance was present consistently during 
exposure to γ-oryzanol. Please clarify this inconsistency. 

Thank you for identifying this inconsistency and we agree that the white substance was present 
in the feces during the study and likely the result of undigested test article (γ-oryzanol). Please 
replace the first paragraph on page 38 of the Notification with the following text: 

“A white substance was observed in the feces of all males and females from day 57–58 to day 90 
in the 1000 mg/kg body weight/day group and all males and females from day 2–3 to day 90 in 
the 2000 mg/kg body weight/day group. Previous work has found that γ-oryzanol is poorly 
absorbed (Mandak and Nystrom, 2012). Although not confirmed, the white substance was 
assumed to be ORYZA GAMMAX due to what is known about its poor absorption and presence 
in ORYZA GAMMAX-treated, but not control-treated rats. Importantly, it was not 

ChromaDex Spherix Consulting
11821 Parklawn Drive, Suite 310, Rockville, MD 20852 

T: +1-301-230-2180 • F: +1-301-230-2188 
https://chromadex.com/consulting-overview/ 
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Rachel Morissette, Ph.D. December 3, 2018 
U.S. Food and Drug Administration Page 3 

toxicologically significant due to the fact that no macroscopic findings or lesions were noted in 
the gastrointestinal tract. There were also no abnormal ophthalmological findings in any rats. An 
open toe wound with nail damage, hemorrhage, and/or crust formation was observed on the left 
hind limb of one male on days 50–57 and on the right forelimb of one female on days 44–49 in 
the 2000 mg/kg body weight/day group. These findings were incidental changes unrelated to 
ORYZA GAMMAX, since they were not observed in any other rats throughout the study.” 

5) Two corroborative animal studies with γ-oryzanol (i.e., chronic toxicity and developmental 
studies) are published in Japanese and no translated copy of the studies were provided. 
Please provide a certified English translation of these published studies. 

English translations of both studies were submitted with the original Notification. We have 
attached the English translations of these studies to this response to expedite review.  The 
toxicology reports were translated by Oryza Oil & Fat Chemical Co., Ltd. based on the test 
results provided by the Institute of Medial Science, the University of Tokyo. Oryza hereby 
confirms that the translation and original test results are consistent. 

6) Oryza discusses the body weight results in the first paragraph on page 46. First, it is stated 
that there is no change in body weight at certain exposure levels. Later it is stated that there 
is a decrease in body weight at similar exposure levels in the same study. Possibly some 
relevant descriptive information is missing in this section. Please clarify this discrepancy. 

The two discrepant statements refer to the body weight changes in males and females and we 
agree that relevant descriptive information is missing. Please replace the paragraph that includes 
this discussion (beginning on the bottom of page 45 of the Notification) with the following text: 

“In the 1000 mg/kg-treated group, one male rat died on the 17th day, one female rat died on the 
73rd day, one female rat died on the 121st day, and on male rat died on the 128th day of the study. 
In the 300 mg/kg-treated group on male rat died on the 84th and one male rat died on 143rd day of 
the study. There were no deaths in the other groups. The causes of the deaths were not reported. 
Nasal inflammation was observed intermittently throughout the study in all groups including 
control animals and was most severe at approximately the 100th day. Although there was a 
transient decrease in the body weights of the γ-oryzanol-treated male rats during the 14th week of 
the study, there were no significant differences feed intakes or body weight gains during the 
study. Moreover, there were no significant differences in absolute body weights between the 
control- and γ-oryzanol-treated male rats at the end of the study. In female rats, significant 
reductions in absolute body weight were noted in the 30 and 300 mg/kg-treated groups at weeks 
6, 8, 10, 12, 16, 18, 20, 24 and 25 and weeks 24 and 25 in the 100 mg/kg-treated group compared 
to the control group. No significant reductions were noted in the 1000 mg/kg group females 
compared to controls.  Additionally, were no significant differences in feed intakes or body 
weight gains between the treated and control groups. Importantly, because the weight range 
reductions were not dose-dependent and there were no differences in body weight gain, the 
changes were considered to be the result of having fewer numbers of rats after the interim 
investigation rather than a toxic effect of the test article.” 

ChromaDex Spherix Consulting
11821 Parklawn Drive, Suite 310, Rockville, MD 20852 

T: +1-301-230-2180 • F: +1-301-230-2188 
https://chromadex.com/consulting-overview/ 
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Rachel Morissette, Ph.D. December 3, 2018 
U.S. Food and Drug Administration Page 4 

7) Throughout Part 6 of the notice, Oryza makes comparisons to “historical” control values for 
different studies, using that as justification as to why an effect is not treatment related. 
However, those historical control values (e.g., BUN, BWs, total cholesterol) or information 
about their source were not provided. Please provide the “historical” reference values and 
information cited throughout all relevant studies. 

There are two references to “historical control values” in Part 6 of the Notification. One 
reference is in the third paragraph on page 38 and the other is in the third paragraph on page 44. 
The reference on page 38 is addressed in our response to question 8. The reference on page 44 is 
from a peer-reviewed study that was published in 1992. It will not be possible to obtain the 
supporting studies for the second reference.    

8) The treatment-related BUN increase in the 2000 mg γ-oryzanol/kg/day group and the 
treatment-related increases in total cholesterol in male rats (i.e., change at p<0.01 level) and 
in females (non-significant trend) at the 2000 mg γ-oryzanol/kg/day exposure level in the 
pivotal study are not adequately explained. Please address these findings. 

According to Table 16 (page 40) in GRN 800, the increases in BUN and total cholesterol were 
only seen in the γ-oryzanol-treated males and only the increases in the 2000 mg/kg bw/day-
treated male were statistically significant compared to the control-treated males. No significant, 
non-significant trend, or dose-responsive effects were seen in the γ-oryzanol-treated females. 
Importantly, the increases in the BUN and total cholesterol noted in the γ-oryzanol-treated males 
were within the historical ranges reported by the laboratory that conducted the study (Lee et al., 
2012) and not seen in the γ-oryzanol-treated females, indicating that the effects were not 
treatment-related. Moreover, this study was subjected to peer-review prior to publication and 
thus, the conclusions were deemed acceptable by the reviewers. We have revised the discussion 
of these results accordingly. Please replace the third paragraph on page 38 with the following 
text: 

“There were no significant differences in hematology parameters in males and females between 
the γ-oryzanol- and control-treated groups (Table 15). Except for the blood urea nitrogen (BUN) 
and total cholesterol (T-Chol), which were significantly increased in males from the 2000 
mg/kg/day group, there were no significant differences in the remaining blood chemistry 
parameters in males and females between the control and 1000, 2000 mg/kg/day-treated groups. 
Importantly, the significant increases in BUN and total cholesterol were considered to be not 
toxicologically significant because they were not observed in both sexes and were within the 
historical ranges reported by the laboratory that conducted the study (Lee et al., 2012).” 

Also, please add the following reference to the reference list provided in section “VII. 
Supporting Data and Information”: 

“Lee, J.M., Lee, M.A., Do, H.N., Song, Y.I., Bae, R.J., Lee, H.Y., Park, S.H., Kang, J.S., and 
Kang, J.K. (2012). Historical control data from 13-week repeated toxicity studies in Crj:CD (SD) 
rats. Lab Anim Res 28, 115–121.” 

ChromaDex Spherix Consulting
11821 Parklawn Drive, Suite 310, Rockville, MD 20852 

T: +1-301-230-2180 • F: +1-301-230-2188 
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Rachel Morissette, Ph.D. December 3, 2018 
U.S. Food and Drug Administration Page 5 

9) Please provide the date (month, year) through which an updated literature search was 
conducted. 

The literature search was completed on January 29, 2018. 

Should you have additional questions, please let us know. 

Sincerely, 

(b) (6)

Claire L, Kruger, Ph.D., D.A.B.T. 
President 

Attachments 

Hasato H, Yamamoto T, Tadokoro I, Kawamura A, Suzuki K, Nishioka H, Ougi M, 
Hamajima K, Goto A, Toyomasu T, Sakamoto M. γ-Oryzanol (Oliver table) chronic 
toxicity test. Kiso to Rinsho 1974; 8: 3417. 

Lee, J.M., Lee, M.A., Do, H.N., Song, Y.I., Bae, R.J., Lee, H.Y., Park, S.H., Kang, J.S., 
and Kang, J.K. (2012). Historical control data from 13-week repeated toxicity studies in 
Crj:CD (SD) rats. Lab Anim Res 28, 115–121. 

Maruoka H and Kume M. Toxicity test on γ-oryzanol – Influence of γ-oryzanol on 
fetuses and offspring of mice and rats. Kiso to Rinsho. 1972, 6: 1717. 
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Kiso to Rinsho, 8, 3417 (1974) 

y-Oryzanol (Oliver Tablet) Chronic Toxicity Test 

Toxicity Research Group, the Institute of Medical Science, the University of Tokyo 

Hikozaemon Hasato, Tadashi Yamamoto, lchiro Tadokoro 

Akiyoshi Kawamura, Kiyoshi Suzuki, Hisatoshi Nishioka 

Minoru Ougi, Kenji Hamajima, Atsushi Goto 

Tsubasa Toyomasu, Motoko Sakamoto 

Pathology Class, School of Medicine, Juntendo University 

Takahiro Hashimoto, Sigeki Saiki 

y-oryzanol is a mixture of ferulic acid ester of several types of triterpene alcohol extractively 
3separated from rice bran oil by Tsuchiya et a1. 1>- > in 1953. 

Regarding the pharmacological activities of y-oryzanol, activities to accelerate rats' growth 
61 and stimulate their sexual glands4>- as well as activities on adenohypophysial cells7

l have 

been reported. 

Oliver Tablet contains 50 mg, 25 mg, or 5 mg of y-oryzanol. 

The author and group members carried out a test to study chronic toxicity of y-oryzanol by 

orally administrating it to rats for 6 months (181 days). The results are described below. 

I. Test samples and test method 

1. Animals used and rearing conditions 

140 rats, 70 male and 70 female 4 week old Wistar-lmamichi rats, were individually kept in 

gauge cages and used for the test after 6 days of preliminary observation. The room was 

controlled at a temperature of 24±2 °C and humidity of 50±10 % throughout the test period. 

Solid feed for mice and rats produced by Funabashi Nojo was freely accessible to the rats 

along with tap water from a water feed bottle. 

2. Preparation of the drug solution and administration method 

The drug was suspended in 0.5 % carboxymethylcellulose (CMC solution) . It was forcibly 

administered orally in each group by the dose shown below while correcting the dose every 

week according to the rats' weight which was measured weekly. Only 0.5 % CMC solution 

was forcibly administered orally to the control group by the same amount. 

3. Observation method and observation items 

The weight of all rats was measured weekly throughout the administration period. The 

remaining feed amount was also measured to estimate the amount of feed that the rats in 

each group ingested. 

On the 27'h day after the administration of the drug started, 6 male and 6 female rats were 

1 



Kiso to Rinsho, 8, 3417 (1974) 

randomly sampled from each group except for the group that took 30 mg/kg. 5 male and 5 

female rats were randomly sampled from the group that took 30 mg/kg. Blood was taken 

from them for hematological investigation, they were killed under ether anesthesia, partial 

inspection was performed, and the weight of each organ was measured in order to obtain 

interim study material to be used for histopathological investigation. 

When the test ended (181 st day after the test started), 6 male and 6 female rats were 

sampled from each group and 5 male and 5 female rats were sampled from the group that 

took 30 mg/kg. Blood was taken from them for hematological and biochemical investigation, 

they were killed under ether anesthesia, partial inspection was performed, and the weight of 

each organ was measured so that histopathological study materials were obtained. 

Table 1 

Group No. of Rats Drug Dose Administration 

Male Female mg/kg/day Days 

Control group 15 15 0 6 male and female 

rats were killed for 
Group 1 15 15 1,000 interim investigation 

on the 27th day. The 
Group 2 15 15 300 

drug was forcibly 

administered orally Group 3 15 15 100 
to live rats for 181 

Group 4 10 10 30 days. 

II. Test Results 

1. Appearance 

Nasal inflammation was observed on all rats throughout the test period. This symptom 

repeatedly came and went. Heavy nasal inflammation was observed on many rats 

especially around the 100th day after the test started. Some rats died between the 120th and 

140th days. 

2. Cases of Death 

In the group that took 1,000 mg/kg of the sample, one male rat died on the 1ih day, one 

female rat died on the 73rd day, one female rat died on the 121 st day, and one male rat died 

on the 128th day. 

In the group that took 300 mg/kg of the sample, one male rat died on the 84th day and one 

male rat died on the 143rd day. There were no deaths in other groups. 

Partial inspection was performed on the dead rats for histopathological investigation. 

2 
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3. Drug dose 

Table 1 shows the drug dose. Since the dose was corrected every week according to the 

weight of each rat, the actual drug dose per rat increased as rats' weight increased. 

4. Feed Intake 

Tables 2-1 and 2-2 show the feed intake. 

5. Weight change 

Tables 3-1 and 3-2 show the mean weight of each group. Fig. 1 shows the weight curve. The 

weight of rats increased similarly in all groups. However, the rats experienced severe nasal 

inflammation and lost weight in the 14th week late August probably because of an unusually 

sudden drop in ambient temperature. They did not seem to quickly recover from this 

condition until the final investigation. When the control group and administration groups 

were compared, no significant difference was observed in the control group and 

1,000 mg/kg, 300 mg/kg, and 100 mg/kg administration groups. However, a significant drop 

with a 5 % risk rate was found between the 30 mg/kg administration group and the control 

group in the 14th week. The significant drop observed only in the 30 mg/kg administration 

group is considered to have been caused because the number of rats decreased to 5 in 

group 1 after the interim investigation (2ih day and later). 

In female rats, no significant difference was observed between the control group and 

1,000 mg/kg administration group. However, in the 300 mg/kg administration group, a 

significant drop with a 5 % risk rate was observed in all weeks except for the period between 

the 4th week and 14th week. In the 24th week, a significant drop with a 1 % risk rate was 

observed. In the 100 mg/kg administration group, a significant drop with a 5 % risk rate was 

observed from the 22nd week to the final investigation. In the 30 mg/kg administration group, 

6th a significant drop with a 5 % risk rate was observed in the 4th
, • 8th

, 18th
• 22nd

, and 24th 

weeks, though the rats' weight was low overall. This is considered to have been caused 

because the number of rats was fewer than other groups after the interim investigation. 

6. Hematological findings 

To obtain hematological findings, the red blood cell count, white blood cell count, and the 

type of white blood cell were tested. Tables 4-1 and 4-2 show the results. No significant 

difference was observed in male rats at the interim and final investigations. In female rats at 

the interim and final investigations, a significant difference was observed in white blood cell 

count, red blood cell count, and percentage of lymphocytes and neutrophils as compared to 

the control group in some groups. However, no positive correlation with drug dose was 

observed. No changes considered to have been caused by the toxicity of the drug were 

observed either. 

3 
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Table 2-1 Average (Feed) Intake C ) :t S, E. 

Test Group Sex 

Control Group 0 

19. 6 l 23. 5 , 24. 5 I 25. 6 1 24. l 123. 9 1 25. 0 I 24. 3 24. 2 I 23. 8 4183.J 1, OOOmg/kg/day 0 !(O. 48)1 (0. 58) (0. 4l)I 

\ 19. 5 l 23 6 1 25 0 I 26 l l 25. 0 ! 23 9 25 1 125 1 23 8 l 24 3 300mg/ kg/ doy 0 4142. ~ ( 0. 30) ,co. 4.8) 1 (0 62)1 
I 

I 260 31 : 19. l I 23. 0 24. 9 1 26. 9 I 25. 9 I 25. 5 25. 7 1 25. 2 1 25. 1 1 25- l lOOmg/kg/day: 3 4 · I ;CO. 30)! ;(O. 71)! (0. 54) 

16. s l 17. 0 1 16. 0 I 1' 29"" , i 11. 4 1 17. l I 17. 6 1 16. 8 I 17. l I 16. 3 I 16 4 
300mg/kg/day•j !j! ,., • l(O. 29) , ;(O 52) I (0, 47) 

I . 

I I 1 17.9 J 17.8 I 17. 7 l l7. 7; 17. 9 I 17. 6 1 17 6 . 17.4 ! 17.9 1 17.3 
00 mg/ kg/day !i! 3045. 51 (0. 33)1 i(O 55 )! I co. 78) 

1 1 

30mg/ kg/ dayl !j! _ ~ j 11. 0 I 11. 8 l 17. 1 I 14.4 I 17 ~9 ! 16. 8 1 16 8 I 16 4 16. l I 16. 2 2850 ,co .. 11 ) I .c1. :.9), 1to. 96) \ 1 1 1 1 
------'----'-------''---'---

Table 2-2 Average (Feed) Intake ( ) :t S. E. 

Average Daily Intake 
Week 

1 11 l2 13 14 15 16 ! 17 I 18 19 20- 1 -21 22 23 1 24 ! 25L 26-

25. 2 25. 2 24. 6 21. 5 ! 17. 9\ 21. 3' 23. 6; 23. l i 22. 3:1 25. 31 ' 24. 71 24. 9 l 24. ~ 23. 23. 0:1 25. 0 • I ,co. 69)1 ! I (23. l ) j 1(0. 53)j I (0. 53) 

23_ s 23. s' 23. 9; 19. 9 I 19. 4' 21. 3! 22. 11'. 22. 8 j 22. 3; 23. a: 23. 71 24. 6 I 2-1. all 23 s· 23. 3! -;:-o 
I ,(1- 76)! j J(O. 61) (1. 3 1)1 1 ( 1. 15) 

1 1 1 

23. 4 2.J o 21. 7; 1s. 2 ! 19. 3 • 20. 1 21. i 23. o I 21. s' 24_ ~ 24. 3! 23. s 1 24_ ~ 23. ~ 21. 9l 23. 1 
,co. 94), ·c1. 21) I co. s 2) I /o. «> 1 1 1 1 

2.J. 4 24 4 20. 31 16. 8 I 18. 6: 22. 91! 23. s 23. 3 1 24. 41I 25. 9: 25. ~ 24. 0 l 24. 31 24. ~ 23. 91_2 i. 7 

1c2.15) cu6) , 1co. 81 ) I ,co. 47) 1 1

23. 91 23. 22. 41 13. 2 18. 31· 22. ~ 23. ~ 23. 9 22. 1,,' 24. 6, 25. Ol 25. l I 24. 61 23. 25. 4124. 5 
(3. 06) J 1c1. 04) I I cu,i)l c1. 32) 

11. al 11. 11 16. d~:ii) 15. , 16. 1! 18. 4)<i\~)\ 16 1j 19. 61 19. 1 <~\~ 19. 91 18. 5j 11. 4lc~\~) 
1 16. 91 16. 14. 9. 12. 8 13. 01 16. 91 16. 51 11. 2 l 18. 2: 1s. 1 1s. 7 18. 61 18. 5\ 19. ~ 18. 6 c1. 44) I co. 82) ! ct. 06) 1cc. 59) 
1 1 1 1 

15. 1 , 15_ 7i 15. a, 14. 41 14. 4l 16. 1! 15. 5- 14_ 2 1 15. 5 11. 16 9'! 11. 2 ! 17. ~ 16. 3\ 15. 81' 16. I I 1co. 42) (0. 99) : I co. 41) (0. 65) 
1 1 1 
1 

16. 5 1 16. 9; 16. ~ 13. 6 I 14. ~; 15. 5. 17., 16. 0 ! 15 31 17. s: 17. 01 17. 31 17 rt 17. T 16.~ 17.7 
,co. 75)1 I I ,(0. 67) , I (0. 59) I 1co. 86) 

_1_5 __ -1+!, - 1-5-. l-.1-14-. o_,_I_L_2_-5-;j-16-_-=61'--16 o~ 13. 1; ~ 1Ll: 17. 9I 14 9\ 15. 1 116. 6'[ 16. 1I 1 15. zll 16 l ;Ct. 21)1 I :c1. 90), co. 86) I ( L 25) 
1 

4 
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Table 3-1 Mean Weight ( ) ± S. E. 

Increase Week I I 
Test Group Sex in Weight l 

I 
2 ) 3 4 5 ; 6 7 8 9 ; 10 

-----+-- O I i 1 1 

0 429. 6 1 97. 0 1164. 71218. 41' 274. 2i 309. 11343. 91 3n. - 407. 01' 418. 6'. ~3!. 3 456. 0 
Control Group (1.13) (4. 26)\ (4.17) (:>. 54); 

_ l , 96. 3 1164. 41 220. 21 268. ~34. 1: 457 8 1, 000 mg/kg/dayl 0 412 '.li 313. o; 342. 91 37~. 4\ 401. 01 423. 3: 
c2. 32), (6. 78)1 (6. 21) ,

1 
I ,(3. 08), 

I 1 1 l ! f 

300mg/kg/day: 0 398 4 I s 1 
97. 7 j 167. 9: ! 222. 9; 276. ! 319. a: 352. 6) 383. 6 411. 1 432. 6° 446. 6 460. 8 

, · lo. 28): "(4. 33)1 ; (5. 53): : (3. 1 os), 

-1-00_m_ g_/_k_g/_d_a_yi-c; ! 
; I 

_ 0 : 98. 3 1 166. 3 220. 5! 273. 4 321. 6° 353. 9· 389.1 1 415. 3· 434. 7 -448-.-4~, 4_6_5_3 

.. _ L 
422 P· 65)1 I 

~lc~i~
(3, 80); 1 I :cs. 68) 1 · (7. 33)• 

--~~~~~~~-~~{ ~ ~. }~~~J_1 ~~~ 3 
411_ .. :~ - J ~5. 8~ 3:J~~-3.~ 389 _2: .. :12. 4\~~: ~~3. 4 

Control Group I S?- I 1 95. 2 1 147. s: 171. !I 197. 223. 4 244. 2l 260. 9 276. 6j 286. J275 2 ' 
3. 61) I cs. 90), r 

299
· o. 

. 2) 310. 9 
CL 49) i )( 89j 

1

1, OOOmg/kg/day S?- \ 7 J 98. 7 1 151. -! ~ 1 l · iCl- 177. 205. 228. 3'. 247. 266 2 277. 8 287. 8 296. 71 304. 8 247 
07) I (3. 88), I 3. 24) 1 J /5. 01): 

300mg/ kg/d;, ul ~ 221 8 1 97_ 0 ii 146. s! 170. • 195. 11 206. 5: 224. 8l 241. l: 252. 8: 263. 5 275. 5ll 280. 4 
' · (1 . 55) (3 05) I '(2. 90): I '( 4. 44) 

- ---- - ~ -----'-- ----'----- : 1 ' 1 
0 1 97. 0 ] 150. 2 176. 5 203. 11 223. 9 239. 3 260. O.· 271. 5' 281. 6 289. lj. 300 l 232 

· (L 48)! ; ;(3. BS) , 1(7. 07) '. 110. 23)1 

j 97. 2 j 1 
145 1:-1n. ~) 193. 9 196. 4' 222. 61 234. o: 2-1s. 21 

2o1. 2'. 266. al :m. G 30mg/kg/dayl s;? 214 8 . (2. 55) I (5. 98) (7 92) j (13 911 
- -- ---- ----

Table 3-2 Mean Weight ( ) ± S. E. 
Week ====~ ~ =e-=a - · -~~==~ · 
11 12 I 13 14 I 15 i 16 : 17 '. 181 ~ --20 I 21 : 2i ._ :: --2-1 I _':!5 __ ,- 26 

1 
471. 9 474 .11484. 1! 482. 3 1 462. o'\ 410. 1' 4s2. 2: 486. 3. 498. 2 509. 6; s12. sl s19_ 1 5:?s. 1 529. 3 526. G, 

(9. 68) I (14. 74) I p3. 43) I [10. 70)1 . ) (14. 021, 
1 

466. 71 460. 3i 487. 463. ~ 472. 4: 467. li 472. 9
1 

481. 3 - 490. 9' 495. 3 500. 3 505, 9°1 512. 6° 509.-;-] 508. -1,--
(11. 14); ,ll3. 99)1 (12 701 _(13. 021 I ,03. 65) 

472. ol 488. 31 487. 8 , 469. 9, 468. s
1 

465. 1 463. 9 469 & 4Ti. 3 484. s ,190. o -191. 1 497. 4 497. 5: 496. r 
1c2. B4)i 1 . l<s. 56): . : ,,1 13J :c9. 04) , . (9. 10)'. 

475. ii 485. 6! 474. 31 457. 11 458. ~ 478. ~ 472. 7 414- 6. 493. B: 500. 3 508. 0 502. 3' 516. 9 521 I 520. J' 
(7. 52)1 I (10. 36)1 i 'l . 9-1!, I :(6. 83)1 I ( 4. 03)1 

455. sl 467. s 1 473. 6 432. 61 442. 8j 46L zl 475. o; 419. :i 490. 2 495. 5' soi. 2 505. 4II 509. 4 508.} 512. 4' 
;(14. 44}1 I 1(15. 39] I .(13. 1\2\ I (19. -1211 : {L9_ 96) 

31E:·,,·f ~~;·-;;_9i317.~:~~~Jif s33~ f ;;;~ ·, --~~~ 345. 2," 3s"i'. s:,1~· ~ 36°2·-~i 367. s ' 373. o'; i3f~::~,---· --
1 1 

311. - 317. 304. 1
1 300. ~ 299. 91 313. 11 313. g[ 320. 4 331. 1 332_ o' 335. ; ' 337. 9 339. 0 342. s 346. 4 

1(5. 40) (15. 87J '(14 00) (b . 77) ' (18 78) 
• I ; I 

284. 5\ 292. 7! 297. 41 299. 11 300. 4 30'1. 1 305. 0 293. 9 300. 3. 305. 5 ~10. 8 314. 6 318. ~ 316. l 318. 8 
(2. 35)1 I .(6. 04) 1(8. 90} ' 1(6. 70)' I \(6. 02): 

- --'--
~ ~ ~~ ~~ ~-91 ~4 ~i 

1 

~ di ~1 mi ~s ~v ~~I ~ ~i~~ 
• \(11. 70)! I (6. 67) ! (8. 35)1 I j(S. 5!J)I J(7.15)! 

I 

21s. oi 286. 281. sll 283. sj 286. 4 299. -11 287. 2. 285. 4 299. 6 302. 5; 302. s! 304. 6: 307. 4l 314. 2: 312. o: 
1115. 9SJ 1[23. 661 l 1il2.17J1 I ,:20. 7-.tli 1 \ ir2-1. 951, 

5 
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7. Biochemical findings 

To obtain biochemical findings of plasma, S-GPT, S-GOT, blood sugar, S-alkaline 

phosphatase, cholesterol, urea nitrogen, LDH, Na, K, Cl levels, A/G ratio, and total protein 

were investigated. As shown in Tables 5-1 and 5-2, no significant changes were observed in 

any of the male and female groups. Although a slightly lower blood sugar level was 

observed in male rats of group 1 and female rats of group 3, the levels were within the 

normal range for rats. 

6 



Fig. 1 Weight Curve (Forced oral administration for 6 months) 
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Table 4-1 Interim Investigation 

Differential Leukocyte Count 
Red Blood While 

Group Sex Cell Count Blood Lympho Neutro -, Mono - Eosino 
x10' Cell Count cytes phils cyte I phil I Basophil 

M I 696. 2 5, 730j - 9~ 1 6. 5 I t. 08j o. sal o·: os Control 
S E 6. 67 6231 0. 67 0. 66 o. 281 0. 231 0, 08 

Group 4 li! ~461 . 8'""' 5, 5-l 88. o~ I O. 5-. I o. ~ l. Dtj (} 
----'----'--.....cS,..E 33. 51 570, l. 39 1. 43 I 0. to, 0. 'n 
Group ~ M 5"'9=9_-4,-,•, 5-c ,,.,.-=3..., 13 57" .""~o:"'50 o. SO •..,..~ ----=, 0=20jc.i--8,t -,;---1-~=-_~• "'"1--1~ --

1 3 
S E 15 23 36~ 7 51 3 05 I o 25 o r, o 32 

5 1 
Group 2 J I j ;~ I ~ : • ; ~ ~: ~; ~ j ~: ~; ~-~: 
Group 1 I ~ M GBo. s 5, 630! 83. z• "'I 

s E 19. 61 41 5' 1. 86 
7--~ on~~-1 -,-I -o_..,_, __ ~~ I ~: ~

6 
- -~-:~·-·~:--;J· ·-···· 

1 

.. 
... 

~: 
o·•·i 1. 151

1. ~BB -•--···~:·~l. 291 --
--o.

-
-50j--o:-ss 

0 ~:-~l3~I ---·--0. 31 

~ 
('.) I I M I 

I 
687. 6 Group 4 

S E 14. 99 
I 

t M 703. 8 Group 3 l 
8. 2601 88. 3 LO. 2 0. 80j 0. 70j 0 
1. 123 0. 75 0. 81 0. 34! 0. 1~ 

6, 93rJi 87. 7 I 10. 9 0. 67! 0. 58j 0. 17 

~ I 66 ~ ! ~ ~~ ~ 

I S E 13. 13 10. ~ 2. 72 3. 07 0. 25! o._15! 0. 11 
M I no. 2 j s. 11oi 85. 5 11. 2 I 2. 5lii o. -,~- - o-:-Group 2 1 I 3 s E 19. 94 8. z7j 3. 96 2. 84 1. 151 0. 40, O 08 
~I 89. 9 I 0. ~ 0. 33 0 

Group 1 I 8 I 692. 2,, I 9. 2 I I 
SE 8. 2 .. 0. 97 l. 27 0.361 0 17i 0 

• s % significant difference, •• 1 % significant difference, ••• 0.1 % significant difference 

Table 4-2 Final Investigation 

------- Differential Leukocyte Count 
Red Blood White 

---
Group Sex 

I 
Cell Count Blood Lympho - Neutro - Mono Eosino 
x10' Cell Count Basophil cytes phils cyte r phil 

M 0. 08-
Control I 1-7~ 11,16~1 19. 77.~ 031 l. 831 l. 7~ ~ 

I 
SE 

I 
11. 78 1491. 9 

Group 
823. 3. , 16 0.21 0. 42, 0. 

M 6,500~ ., 13. 2.601 
08 

l. OOj 0 
4 ~ 7~ 

SE 

I 
11. 78 1 

387. I 3 . l4 3. l 0. 401 0.41 0 

I 
M 8" ·3, "3 0 9,1, -· ~ I ? 

Group 3 !? 13. ~~ - - J~ 

SE 3/~ 364 . . 2. 131 2. 19 0. 4 . 
1.,---
0. 3 0 

I M I 7-IBl 7,883: 82. 25i 15. 7~ l.j 0. 83, o.os 
Group 2 !?-

I SE 16. 871 566. 51 l. 82! 1. 5- 0. 4- , 0.24 0. cs. 
Group 1 
.. 

~ I s':s __1 --"~~ 
M I ll 

:;:1L~ 
~, 81. 2 

1~ 
16. 

~11 _ : 
1. 

J _ : 
L 

:
O 

~ __ :
0. 

_: 
~~ 08 

Control ('.) I 7881 
I 

~r--
S E I 

I 
21. 38 719. 6 o. 88 o. 8 

l 
O. 30, 0. 3;>J o. 08 

M 

I 
7931 9,720i 78. 21 19. 3 1. 601 o. 9 0 

Group 4 ('.) 
I 

SE 26. 57\ 835. 7, 4.5~ 4. 241 0. 29 0. 

I M I 73.0 I 
29

~cl 
1 0 

0. 911 0-10, 7331 7711 24. 8 Group 3 0 l. 
I .SE 

l 
17. 74. 801. 9 3.64 3.52 0. 23. 0.30 0 

M 10, 750j 74. 0 0-7161 22. 21 l. 501 2. 1~ Group 2 ('.) 
1 SE 83. 33, 1371. 6! 2. 82 2.93 0. 34: 0. 5 0 

M 0.0& 10, 8l i 21. o l. 331 Group 1 76.~ 0 l I 8481 l. 081 
SE 31. 54 1196. 8 4. 4. 09, 

I 
· 0.23 a. 47 0.08-

• Significant difference with 5 % risk rate 
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Table 5-1 

--i-~:~ 
Biochemical Findings on Plasma (Interim) ~;=..c-.~= (x _1~ SE) 

~1'M~~adr~~~;[ 1t;~~~l~~,1~~1~~~1~/c!~~~~=1~1
=--;r:u·: ~~~~·- 1~ 1~/J;) 1(~1~~/l/-, (m~:~l) -, (_m_:_/-l) ·1 ~~f~/l) 1 · ,:;c I /i:~) 
_____ ..;.__I 

I 
dl) Oxldase 11n11/m/) un it /in/), ml ) (mg/dl) Urease dl) Fl g Tilrimelry Electropho g 

method Colorimetry Colorimetry Colorimetry Colorimetry method : Colorimetry amt e Flame (Sch a I es Hitachi _ _ i:l:) rests protein meter . c phoomery I photometry -'--------'-:=.!...--------

10±0.Yl1 1 ControlGroup ;5 149±21.0 20±:?.2 8±0.9 57±5.3 87± 5.:l! 300±10.2 15~ ± 0. 8 4.0±0.20 103±0.3, l.3±0.26 6.3±0.20 
t9.8 . 

4(1,000mg/kg) ~ 143±14.6 18±1.6 9:+.::0. 7 71:±1.5 83±10. 4 l2:!·0. 7 347±7.1 154 ± 0. 9 3.8±0. 09 104±0. 2• 1.3±0.09 6.7:!:0.06 
t6.6 

3(300mg/kg) o 155±7.7 26:l~4.4 8±0.7 71±3.6 92±5. 7 ll..t0.71 311±11.l 15'1 ± 0, 6 4.0:l:0. l3 105±0. 3 l.3±0.20 6.6±0.18 

2(100mg/kg) o 148±4. 9 25±/i. l 9±1.0 57±5.2 86±3. J 12± 0. 8 295±3.5 153 ± 0. 7 4. 0±0. 16 105±0. 4 1.2±0. 09 6.4:±0. 09 
tt19. l 

1(30 mg/kg) cS 123 ± 19. 8 38±!1. 31 B:!:0. 8i 55±5. G 80:J:7. 8 Ll ± 0.8 337±35.3 153 ± 0.9' 4.0±0.13 104 !:0.5 1.3±0. 10' 6.5:1:0. 26 1 
5 ( Ferulic acid ) 0 133±7. 8 ~-_7j 15±7.3 99:Ul.5 13 ± 0, 5 31'1±9. 5 152 _1_ 1. 1 4. 0J:0. 09 lO•H:0. G 1. 4 ±0. 14 6. 4:L0. 11 
............... ... .. . 14·~·0 ... 9 . .... 8~ 

•··~ ·--· 
Control Group '!ltl"± 15: 9 26+fi.2 6 ·1· 0. 9· · 441:3:6 ·····92 ±s. :;I w ± 1. o 334 :t" ts:·4 ·· ·rs:LfoJ3 ·:3. s:1::-tr 29 ··· 103 ::Eo. 

G:; 
1 1. I:!: 0. 11 6. 6±0:01 

,J(l, OUU mg/kg ) ~ 141±7.3 29 ~1;. <1 1. 51 74±5.2 90±5.'.ll L3 :L 0. 9 296:!:6.l 156± 1.6 3.1::!:0. 28 103:t0.7 l. 2±0. 08 6. 3±0. 07 
3(300 mg/kg) ~ 160±17. 6 23 ± 3. 7 9 .•~ 0. 8 46~t3. 6 90 :•J 8 14 :i: l. 3 348:!::3<1.9 153 ± 0. 9 

t5. I\ tG. 8 
2(100 mg/kg) 114 ±22. 7 10 :1~2. 3 48±4. 7 95:tl6. ,1 

I 3.3±0,27 103:t0.7 l. 2:t:0. 09 6. 3;1; 0. 15 

~ 27 ±4. 1 ll ± l.3 306±7.4 15,t J; l.0 3.4±0.07 104±0.5 1.2±0. 2016.4±0.09 
t5. 8 tttl2. 1 I 

1(30 mg/kg) 1 ~ 118±14. 5 17±1. 6 5J:0. 5 48::!:2, 4 85+3. 51 13 ± 1.21 297±7.7 153 :L 0. 81 3.3±0.08 104.!:0.4 1.2±0.1016.6±0.09 
ts. 7 

5 ( Ferulic acid ) ~ 115±6. 9 2•H0.6 _, r __ l·O • 6I 1 41 :t4. 5 92±4. 91 14 ± 0. 8 305±9.8 153 ± 0. 91 3,5±0.10 10-1±0.5 1.2±0. 10, 6.5±0. 15 

1i"-~~ t 5 % tt 2. 5% ttt 1 % 

Table 5-2 Biochemical Findings on Plasma (Final) Ci±SE) 

Ulooa-=-· -, S-GOT~S-GP'( - ~ S~A1-=: p=1cl10le- -~ Ure"a"-N - CIJH- 1 N~ K ·-I c1-i A/G~ T.P. 
Group Sex I Sugar(rng/;(Karmcn- (Karmen• ( m- unit / . slerol (mg/dl) (mEg/l) I 

(m ·un iL/d t )I (mEg/l) I (mEg/l) dl) Oxidase unit/ml) unit/ml) ml ) (mg/dl ) Tolrimelry Eleclropho (g/ Urease dl) 
Flame Flame 0 

rests • Hitachi protein meter method Colorimetry Colorimetry Colorimetry Colorimelly method Colorimetry (Sc hafe;f_i:;) 
--- p hot hot 

Control Group cS 193±13. 7 76±10. 2 14 ·.!::2. 11 130 ± 9. 5 181 ±58. ,I 16±0. 7 227 :.!:42. 7 152±0. 4 3. 6:J:0. 06 105±0. 41 l. 2±0. 08 6. 9±0. 04 
4 C> 185±11. 6 80±6. 4 15 ::1: l. 8 125 ± 13. 05 300± 18. 31 15±7. 0 209±26. 2 154±0. 7 3. 5±0. 07 104±1. 0 1. 3 + 0. 14 6. 9 + 0. 13 
3 cS 215±12. 9 75±7, 9 17 ±2, 1 124±21.6 266±24. 81 15±0. l 320 :l:: 81. 1 153±0. 9 3. 6±0. 00 104±0. 6 1. 4±0. ll 6. 7±0. 05 
2 cS 190±6. 2 65±4. 8 16 ±1.6 114±15. 3 185± 10. 3 15±0. 7 270±38. 9 154± 1. 2 3. 7±0. 04 104±0. 5 1 1. 4±0. 04 6. 9±0. 29 
1 cS 146±8. 5 83±8. 4 13 ± 1. 1 177±30. 0 236±7. 9 16±1. 7 231 ±32. 9 155±0. 7 3. 6±0. 07 105:tO. 

61 _1.~ 
Control Group ·---~· -··· 

?9 ·z-r2:F2iCi .... 69±1:i:°3 
1_.?~.°.· .. ?:.~~o_. _ ·-··· z:ren1 ' 89±4. 3 ··2oi±·t4:·sr·····1iEfT.··o 353±39. 6 .. .. 152±0. 5 3. 5±0. 12 --·1os±o: 2· 1.3±0.13 6.7±0.13 

4 ~ 198±12.2 45±7.4 15± 1. I 83±5. 5 246±22. I 17±1. l 266±15. 4 154 ±0. 9 3. 6±0. 13 105±0. 7 1.3±0.09 6.8±0.12 
3 ~ 132±21. 4 62±14, 4 19±2. 7 75±5. 0 215±11. 5 20±1. '1 423±81. 9 156 ± l. 2 3. 5±0. 16 106±0. 5 1.5±0. 13 7.1±0.09 
2 ~ 199±13. 7 46:!:4. 9 1'1 ± 1. 6 88±8. 5 226±7. 6! 20±2. 4 26-4±35. 7 154 ± 1. 4 3. 6±0. 11 106±0. 4 l. 2±0. l1 6. 7±0. 10 
1 ~ 192±12.4 49±15. 2 16±3. 2 91 ±24, 5 197±11. 5 21±3.3 226±25. 2 154 ±1.1 3. 5±0. 07 105±:0. 51 1. 4±0. 06 6. 8±0. 09 

9 
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Table 6-1 Organ Weight (Interim Investigation) (Mean value g; *mg) 

I I 
Kidney Spleer Panaeas Test Group Sex Weight Brain Heart lung Liver .\drenal Thymus Pituitary Testis/ 

Gland" Gland Gland" Ovary 
I I t 

Control 280. 8j 1. 86: L. 20 1. 66: __ 12. 361 2. 74 0. 74 57. 2 0. 88] 9. 4 2. 56 0. 80 

30 mg group ~ l --'------'--......:..1 - - .;.., ,.____ --'---1 --
285. o 1. 84 1. 1s 1. ss 12. 40 2. so, o. 68 5&. o· o. 84' a 4 2. 64 o. 90 

1 1 1 
_ 1_0_0_m_g_ g_r_o_up---~--'-_Zl_l __ -~- 1-. 8_2_: _1._20_: _1 _ __ 6_2_ 1_2 ___ 28~ -2-. 56- 1 -0.-64-; - 54-. 8-().7 1.·4:--;-:;a 0.90 
-------------1 1 

I 
- _ _ ___ 1 _ __ _ 

300 mg group ~ 1 285. 2 1. 74 1. 24 1. s2· 2. 52: 2. 76 o. s6 52 s o. 1~ _ :o. 6: 2.. 6-1 o 80 

1,000 mg group i 262. s: l. 68 1. 06. 1. 6,1; 1 l. 78\ 2. 58 0. 58 59. 4 0. 2' 8. 8 2. 50 0 82 
1 1 

Ovary 

Control 9 98. 0 0. 43 

0.88 

100 mg group 0.84 

300 mg group !i! ! 202 ~ 1. 1 9. so; 1. 94i o. 58 69. s 0. 78 
I -----;---- ,: --

1,000 mg group 1 1 195. s 1. 76- 1. oo! 1. 18 9. os, 1. so' o. 54 65. 2 a. 4, 11 o. ~~ 

Table 6-2 Organ Weight (Final Investigation) (Mean value g; *mg) 
----- ---- -=--= 
' 

=.·:::-= - r-=:= . 

' 
Kidney Spleer Weight Brain Adrenal Thymus Pituitary Pancreas Test Group Sex Heart lung Liwr Testis/ 

Gland• Gland Gland" Ovary 
I 

Control 0 l 521. 6! 2. 101 2. 02" 2. 701 17. Sf! 3. 74 1.08 66.2 0. 501 16. 0 3. 23: 1. 41 
I 

I . I 
30 mg group 0 -1 512. 4 2. 1?1 l. 421 3.02 17.26 3. 6bl 2.06 58. cl 0. -li 11. s· 3.00 I. 46 

' I I ; 

1 100 mg group ·,!; 1 530. 4 2 osi 2.ba 2.52 17. 6~ 3. 66 1.08 11. si o. saj 11. . I s1 2. 9~ 1. 18 
I I 300 mg group 6 1 498,~ 2.1~ I. 94; 2. 74: 18. 14: 3. 681 1. 04- 62. 21 o . .. i 15.8 2.80 1.28 

1,000 mg group I 0 l z: 
I 

I 1 I 

523. 2. 141 l. 96; 3. 74 18. 50 3. 72 1.12 74. 41 0. 60 13. 81 3.H 1. 3-1 
I 1 

I I I Ovary 

Control 1 1. ~ I !j! i 368. 4, I. 441 2. 06 11. 36: 2.40. 0.84 44. 41 0. 7,11 10. 2' 114. Di 1.08 

I 1.2s\ 1 I 1 30 mg group $ 1 312. ~ 1.8~ 2. 10! 8. 74! 2. 10 0.661 61. S, 0.44 10. 2i 113. 2 

I 
I --

0. 86 
I 

I I I 100 mg group ~- 326. ~ I. B61 us1 2. 14I 10. -i ' 2. 42' 0. 72 57.4 0. 56; 11. 01 114. 2, l. 04 
I I 

I 300 mg group I I !?- 328. 41 9.4 0. 76] 68. 0.90 I. ~ 1.181 1. so[ 2. 28[ o. -1sj 12. ~ 107.~ 

1,000 mg group !j! 1 355.~ l.~ I. 20j 
I I .l. 94i 10. 06! I · 2. 44\ 0.721 76. 0. 6~ 10. sl 113. ~ LOG 

I I 
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Ill. Anatomicopathological Findings 

Tables 6-1 and 6-2 show the weight of each organ. When the rats' lungs were examined, 

prominent single or multiple lung abscesses were observed in one rat in the 1,000 mg group, 

two rats in the 300 mg group, one rat in the 100 mg group, and one rat in the control group. 

Other than that, there were no significant changes. 

One liver abscess each (about 3 to 4 mm size) was observed in two rats in the 1,000 mg 

group and one rat in the control group. An abscess of 6.8x4.5x4.2 cm size was found in the 

retroperitoneal space of one rat in the 1,000 mg group. The left kidney was buried in this 

abscess, causing a kidney abscess associated with it. Small abscesses with the same 

properties were observed under the skin, prostatic gland, and the back side of the liver. 

Six rats died before the end of the test period all from pneumonia. Two male rats and two 

female rats in the 1,000 mg group and one male and female rat in the 300 mg group died. 

Histogenetically, there were a few cases of sporadic appearance of small fat droplets in liver 

cells. However, positive correlation with the drug dose was not confirmed. 

No significant change was observed in the heart, kidney, brain, pancreas, thyroid gland, 

submaxillary gland, pituitary gland, testis, ovary, gastrointestinal tract, bone marrow, or bone. 

No findings indicating chronic toxicity was observed either. 

No epithelial necrosis was observed in the duct of submaxillary gland, especially in the 

striated part. Other than minor small intercellular vacuoles observed sporadically in 

high-concentration groups, there was no significant change. No significant changes were 

observed in the acinar epithelium either. 

The lower extremities of the rats including knee joints were examined using ultrasoft x-ray 

radiography films. No deformations caused by atrophy or degeneration of bone or cartilage 

were observed. 

After the aortic wall was examined by the elastin fiber staining method, no abnormalities 

such as elastolysis were observed. 

Photo 1 1, OOOmg/kg 

(l-o-11) 

Brain 25x 10 
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Photo 2 1, 000 mg/kg group 
(l-0-2) 

Heart 25 ,: 10 

Photo 3 1, GCCmg/kis group 

(l-o-11) 

Lung 25x 10 

Photo 4 l, 000 mg/kg group 
(l-o-11) 

Liver 25 ,. 10 
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Photo 5 l, OOOmg/kg group 
(1-3-11) 

Kidney 25 : 10 

Photo 6 l, OOOmg/kE group 
(l-o-3) 

Adrenal gland 25 x 10 

Photo 7 1, OOOmg/kg group 
Cl-o-11) 

Spleen 25. · 10 
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Photo 8 1, OOOmg/k~ group 
ci-0-11) 

Spleen 25 x 10 

Photo 9 1, Ow u,g/i<is group 
(1-8-11) 

Duodenum 
10 :< 10 

Photo 10 1, 000 mg/kg group 
(l-o-11) 

Prostate gland 25 x 10 · 
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Photo 11 l,OOOmg/kg group 
(1-.S-11) 

Testis 10 x 10 

Photo 12 1, 000 mg/kg group 
{l-~-4) 

Ovary 10:< 10 

Photo 13 Control group 
(C-2,-7) 

Brain 25xl0 
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Photo 14 Control group 

(C-:S-9) 

Heart 25 :~ 10 

Photo 16 Control group 

(C-~-9) 

Liver 25xl0 

·~. .• - • ~ ·IP' . ' . >, . . ·• . . . ,,_ ~J" 4 ....,.'\ ."·, ~ . ~.,:;=~ C .:,:.. =<r ... 
J --~ . -~ . . ~~ • ·.-t-•:-!JiT, .. ,.. ... :-.:.Jl?. .. C ..,-. :~'-.J"',i . . " , . ..,;-: .. -(i,. ;. · - •• • • ' ' -.k · .• . ~~ ••• ,"1. \. ·----.:r- J 

· ; .•,:.: ·•':-> ~ ··1·,.:.. ..... Jlo....,...,_~_-_._l··,·...- ·.· - ~J_t· , . .,- . ,--~--, j,- . . ~u:, -._-. . ~..._. .... r . . ., . 7 -~ .. 
-•. :i"'~ ~ . '"·~ ,;·.-";.;"?- .- .. ,_-. ~-. . "': -;~. ,,. ' 
~;: 9 · ! :P."' ":'}_• 7-., ~: .. ;, ,, "'-.. _jl-yi/ . : 
.-· . . ·, •.if. ~~~,, .... 1: . .-:-~. :¼ --. . i-.>- :- 'r '
: .• • . :..,,r,.:_, ; a!J'\-· -~ •· ,,.; . 't:. • . ' • ·{• 

J 
. . . •':1 t .. · • ~ <. . .. 

1 
:: ., • . :« • · ' 1 ~- ,.l.;..I • ,'- -_-_ '(' 1i -. -- ~ ,· •¥- • : . .1-· ..... •, ·."7.( -:-:. ~J; • • '-9. K' ·• ;! 

. i,-·-. ·· .. , ' ;..,._*~ . ~
j, 
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. . -. -- ".-· .. :;# " · • ••4• J ,..l->. '"'<" ••• ~ .. ;. : ' · ··t' ~ .!' •• ~ •"1'. · .-•... ·. ~-- · '9-: -~~ - .... 
' .. : ..... --;-.., . ,, . . .. .. ,.. . . . ,, . - . •· .-~ 

. ·:•-.-..y,,-; .. fl;_ ·#t,;.·. :, _---~ , , J:} 1i ~•-:.-J'3'..f?~ ·. 
I • • • ~.;~ . _. •~••· _- ,J •J ' . ~•'M!,• qi - .. · ~ 
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Photo 15 Control group 

(C-o -7) 

Lung lOx 10 
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Photo 17 Control group 

(C-o-13) 

Kidney 25 x 10 

Photo 18 Control group 

(C- o -13) 

Adrenal gland 25 x 10 

Photo 19 Control group 

cc-o-13) 
Spleen 25: · 10 

17 
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Photo 20 Control group 

(C-o -13) 

Spleen 25 x 10 

Photo 21 Control group 

(C- 8-7) 

Duodenum 10, 10 

Photo 22 Control group 

(C-c;-9) 

Prostate gland 25 x 10 
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Photo 23 Control group 

(C-S-9) 

Testis 10 >: 10 

Photo 24 1, 000 mg/kg 

(l-~-4) 

Ovary lOx 10 

Photo 25 1, OOOmg/kg 

Cl-c-4) 
Submaxillary gland 40 .'< 10 
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Photo 26 1, OO0mg/kg Uroup 

(l-!;!-4) 

Submaxillary gland ,IQ :- 10 

Photo 27 Control group 

(C-o-8) 
Submaxillary gland 

40~ 10 

Photo 28 Control group 

(C-!ie-6) 
Submaxillary gland 

40:-: 10 
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Summary 

A chronic toxicity test was carried out on Oliver Tablet for 181 days between May 17 and 

November 14 in 1971 using 140 Wistar-lmamichi rats, 70 each of male and female. The 

drug was administered by 1,000 mg/kg, 300 mg/kg, and 100 mg/kg daily. It was suspended 

in 0.5 % CMC and forcibly administered to the rats orally. During the administration period, 

four rats died in the 1,000 mg/kg administration group and two rats in the 300 mg/kg 

administration group on the 1ih to 143rd days. The number of dead rats was the same for 

male and female. It was indicated that all of these rats died from pneumonia, where 

significant correlation with the drug can hardly be observed. 

On the weight curve, the weight of rats in all groups demonstrated a similar level of increase. 

Positive correlation between the weight and drug dosage was not observed based on the 

experiments we previously carried out. No significant difference was caused by the drug. In 

blood pictures or biochemical properties of plasma, no change related to the administration 

of the drug was observed. 

No remarkable chronic toxicity was observed in general organ examination from a 

histopathological viewpoint. 

No abnormalities in the salivary gland or ossification disorder in cartilage of the epiphyseal 

area described for Kashin-Beck disease were observed. 
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Toxicity Test on y-Oryzanol 

-Influence of y-Oryzanol on Fetuses and Offspring of Mice and Rats 

Hisao Maruoka, Minoru Kume 

Engineering Department, Plant, Otsuka Pharmaceutical Co., Ltd. 

Hikomitsu Hayashi, Hiroshi Nagao 

Quality Control Department, Tokushima Plant, Otsuka Pharmaceutical Co., Ltd. 

Summary 

6 mg/kg and 600 mg/kg of y--oryzanol was orally administered to ICR-JCL mice daily from 

the 7th to 1ih day of pregnancy and to Wistar rats from the 9th to 14th day of pregnancy and 

the influence on dams, fetuses, and offspring was examined. 

Although the weight of pregnant dams slightly increased after the administration of 

y--oryzanol, there was no significant influence from the administration of y--oryzanol. 

There was no significant change found as a result of visual observation of fetuses, 

observation of stained bone samples, or visual observation by fixation in Bouin's solution, 

indicating no influence on teratogenicity or the skeletal development. 

When offspring was observed, there was almost no change considered to be caused by the 

administration of y--oryzanol. There was no significant change in external features from 

visual observations such as differentiation status. No deformation of organs or bones was 

observed either. The results supported that y--oryzanol has no teratogenicity once again. 

Introduction 
3y--oryzanol was first extracted and separated from rice bran oil by Tsuchiya et al. 1• l in 1953. 

5Studies of Tsuchiya4
· l and Shimizu et a1.s-12

l clarified its chemical structure, ferulic acid 

ester mixture of several types of triterpene alcohols. 

For pharmacological activities of y--oryzanol, activities to accelerate the growth of rats and 

stimulate their sexual glands 1J-
15l and activity on adenohypophysial cells 16

) have been 

reported. According to Wakao et al. 17
l, y--oryzanol has an effect similar to vitamin E. 

Clinically, y--oryzanol has long attracted a great amount of attention for its activity to control 

the autonomic nervous system. It has been confirmed to be effective for indefinite 

complaints of autonomic nerve imbalance and menopause. y--oryzanol is also used to treat 
20 so-called whiplash 18

) and its therapeutic effects have been examined in various fields 19
l l. 

The author and group members administered y--oryzanol to pregnant mice and rats and 

evaluated its influence on their fetuses and offspring. 

Test method 

1. Animals used and environmental conditions 

Female ICR-JCL nulliparous mice (approx. 25 g) and female Wistar nulliparous rats (approx. 
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220 g) were used. 

Even though the mice showed visually apparent estrus symptoms, rats in proestrus were 

selected by the vaginal smear method. Both mice and rats were left with mature male 

animals of the same kind overnight. On the next morning, mice with a copulatory plug and 

rats with sperm in their vagina were determined to be pregnant. The day was defined as day 

zero of pregnancy. Both mice and rats were stored in an individual cage after the pregnancy 

test. 

Solid feed made by Oriental Yeast Co., Ltd. (MF for mice, NMF for rats) was given to the test 

animals. Tap water was available whenever they wanted. 

Room conditions were maintained at certain levels; temperature of 22±2 °C and humidity of 

55±5 %. 

2. Administration method, dose. and timing 

Since y-oryzanol was determined to be administered orally in clinical tests, y-oryzanol was 

orally administered forcibly using a tube for oral administration in the test. 

In the group for small dose administration, 6 mg/kg (maximum regular dose for humans) of 

y-oryzanol was administered which was six times more than the regular dose for humans, 

1 mg/kg. In the group for large dose administration, 600 mg/kg, which was 100 times more 

than the group for small dose, was administered. 

y-oryzanol was suspended in a 0.5% CMCNa solution so that the administration dose per 

animal was 10 ml/kg in all groups. The same amount of normal saline solution was 

administered to the animals of the control group. 

y-oryzanol was administered to mice on the 7tn to 12th days of their pregnancy and to rats 

on the gtn to 14th days of their pregnancy for six days respectively. It was administered once 

a day in the morning in principle. 

For the test on fetuses, 20 dams were used in both mouse and rat groups. For the test on 

offspring, 5 dams were used. 

3. Observation items 

[Observation of dams] 

Pregnant mice were weighed for 18 days and pregnant rats for 21 days starting on the day 

of the pregnancy test. Their general conditions were monitored and principle organs in their 

abdominothoracic areas were visually observed during Caesarean section. 

[Observation of fetuses] 

Pregnant mice and rats were anesthetized with chloroform and put to death from 

18th 21 st exsanguination on the day and day of their pregnancy respectively. After 

Caesarean section, the total number of implants, the number of live fetuses, and the number 

of resorbed or dead fetuses were counted. 

Live fetuses were weighed, their sex was determined, and the external appearance and 

2 
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abdominal viscera were checked for any abnonnalities. Intra-abdominal viscera of 

approximately two-thirds of the total live fetuses was observed mainly to check for missing 

parts. Then, they were fixed using alcohol, made into alizarin red S-stained samples by the 

Dawson method21 
) to be used for observation of their skeletons. 

Skeletal development was observed referring to the ossification of breast bone, tail caudal 

vertebra, and toe bone. For mice, ossification of their ankle bone and calcaneal bone was 

also observed. 

After fixation using Bouin's solution, the internal parts of the remaining live fetuses were 

observed by the razor blade sectioning method. Their head was observed referring to the 

method considered by Barrow et al. 22
) Furthermore, partial inspection of the 

thoracoabdominal areas was perfonned in order to check for any abnormalities in principle 

organs. 

Stained bone samples and fetuses fixed in Bouin's solution were observed under a 

low-power stereoscopic microscope. 

[Observation of offspring] 

Dams were brought to give natural birth and y-oryzanol's influence on their offspring was 

examined. The number of offspring was counted, their sex was detennined, and the external 

appearance was checked for any abnormalities within 24 hours after birth. 

The date of the delivery was counted as day zero. Dams raised the offspring until the 21 st 

day after birth. Then, differentiation conditions such as detachment of auricles, eruption of 

incisors, opening of eyelids, and fur appearance were observed. 

When differentiation conditions were observed, external appearance of the offspring and 

behavioral abnonnalities behavior were monitored. 

Offspring was weighed until the 21 st day after the birth. External appearance of live offspring 

was examined, their behavior was observed, and auditory, pain, and righting reflex tests 

were perfonned at the time of weaning on the 21 st day. 

Partial inspection was perfonned on most weaning offspring in order to check for visceral 

abnonnalities. Tainted bone samples from one male and one female offspring born from 

each dam were created just like fetuses' samples and they were checked for any bone 

abnonnalities. 

Test results 

I. Mice 

1) Influence on dams' body 

Fig. 1 shows the change of dams' weight. 

The weight of dams in the group that took 600 mg/kg of y-oryzanol increased slightly more 

in the later administration period as compared to the other administration group. The weight 

of dams in the group that took 6 mg/kg of y-oryzanol increased by a similar amount to the 

control group. 

3 



50 • 

., 
e 

45 .. .. .. 
. 5 

.a .. 40 ·; 
;, 
,.. .., 
0 

JS ~ .. 
C .. .. .. 30 · :c: 

25 

T 

0>-----0 i'•oryunol 600mg.'lt,c 

• ---• )"-oryzannl 6 mg• kg 

x:---x conl rnl 

0 2 4 6 8 10 12 14 16 18 

Days of l{Utation 

Kisoto Rinsho, 6, 1717 (1972) 

Fig. 1 Mean body weight of pregnant mice throughout the period ol 
pregnancy Arrows indicate oral administration of the drug. 

55 

No dam died or miscarried during the test period. There was no specific change in dams in 

partial inspection of principle organs during Cesarean section. As a result of observation of 

general conditions, there was no specific change in dams in the groups that took y-oryzanol 

as compared to the control group. 

2) Influence on fetuses 

Table 1 shows the results of observation of fetuses. 

4 
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Table l lnOuence 0£ r-oryzanol on mouse fetuses 
=~~ .~ ,=== = ==-=== ===-=·=== 

Drug and Dose I Control j r-oryzanol 6 mg/kg \ 7-0:i:nol'~'mg;; 
--- --- . 

No. of dams 1 __ 20 I 20 I_-··-·-~--- ---
-1-.o-ta_l_i_m_p_la-n-ts_(_I.-, t.-s-i z_e_±_S_. ~ ~ 1 198(9. 9± l. 20) 

No. o( fetuses ll (•1. 7) LB (7.8) 5 (2.5) 

Dead or rcsor~<l (%)•' D) 6(2. 5), R) 5(2. l) 0) 2(0. 9), R) 16(6. 9)• D) 0, R) 5(2.5) 

Live (lit. size:tS. D.) 222(11. l ±: 2. 48) 21:1(10. 7.:: LAO) L!J3(9. 7 ±: l. 27) 
- ----------------- - - --- -
Se"' ratio Co/!?) 1. lJ( LlB/L0,1) I l. 20( l LG/97) l. 07( L00/93) 

Fetal wci~ht (g) o 1.39±0.09 ·1-·· - i.~<i~O.IJ l.,IS _l:0.1:! 

(Mcan±S. D.) ~ l.3-1±0.08 1.-11.::0. 13 UG:!:0.13 

-D-.)-_l__:::~i~f ~2.13) I -231( i. 32) 

Club foot, 1 (L.8) I Club foot,,\ (1.9) I f~(0.5:~ E,c:tcrnal abnormalities (%)"' - Club .
llcnt tail, l (0. 5) Hema to ma, l (0. 5) 

- - - · .... 
• P<0.05 
a) % of tut.il implants b) % of live fetuses 0) De.id fetu,cs R) Resor~<l fetuses 

Total implants and total number of live fetuses of the group that took 600 mg/kg of 

y--oryzanol were slightly less as compared to the control group. However, the difference was 

not significant. The percentage of dead fetuses for this group was 2.5 % which was lower 

than the control group's 4.7 %. 

The percentage of dead fetuses in the group that took 6 mg/kg of y--oryzanol was 7.8 % 

which was slightly higher as compared to the percentage of the control group which was 

4.7 %, though the difference was not significant. The number of resorbed fetuses was 

significantly higher in the group that took 6 mg/kg of y--oryzanol as compared to the control 

group. However, there was no significant difference in the total implants or total number of 

live fetuses. 

Mean body weight of live fetuses of y--oryzanol administration groups was almost the same 

as the one of the control group both for males and females. 

From external observation, one case of club foot was found in the group that took 600 mg/kg 

of y--oryzanol, four cases of club foot (photo 1) and one case of hematoma were found in the 

group that took 6 mg/kg of y--oryzanol, and four cases of club foot and one case of bent tail 

were found in the control group. The occurrence rate of all abnormalities was as low as 0.5 

to 1.9 %. 
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Photo l \.luu~c ;· ory7.a11nl Ii 111~ 
1 
k . .r 

l 'luh loot 

In observation of intra-abdominal viscera mainly to check for missing parts, there were no 

fetuses with any visceral abnonnalities. 

Tables 2 to 4 show the results of observation of stained bone samples and Table 5 shows 

the summary . 

• Table 2 lnlluencc of r-or}tanul un skeletal development of mouse fetuses 
Control 

ICR-JCL strain 
--N~~~f_;:.perimc_n_tal .in imals . l - · • ' S - ; lO 

2 3 4 6 8 9 
Observation 1 l~-~~~ -~5 16 17 18 19 20 r Total 

M.iliormations 
0 Variations 

Split or bilurc.ition of atlas 
0 

Split or bifurcation of nxis 1 1 3 
Cervical rib 

l l-1 th rib I 2 l l 2 3 2 13 
Extra sternel>rne 

I 0 
Asymmetry of sternebrae 2 l l l 5 

Types of ossification 

Delayossilication of sternebr~=---

I 
_ _ _ _ :__:_ __ 1 __ . l 6 

Total fetuses examined lGO 
Total variational fetuses 21 
Total variational observation 2'.! 
Total ,;:i r iat ion.il fetuses . 
Total fctu s~-e~:imincd ·· rnt,o 13.1% 

-
a) fetus wirh 2 variations 

6 
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Table 3 lnlluence of r-oryuinol on skele111l development of mouse fetuses ( 2.) 
r-or,=nol (daily dose 6 mg/ki:) ICR-JCL strain 

,,-- -. No. of ~xperimeninl ·nnimals ·,, L 2. 3~- S,,•·~- ~-8; 10 1112 13~.14. 15 16 1718 _19 ; ·1""'.;"otal 

Observation - ----- · · - • ···------- -
Molformotions 0 

V.iriatiuns 

Split or bifurcation o( atlas l 1 3 
Split or bi(urcation o( axis 1 1 
Cervical rib 0 

l•I th rib 2 l 3 l 5 3 2 l 2 2 1 23 

E.sctra sternebrae 0 
Asymmetry of sternebrac 

-- - - --- -
Types of ossification l l 1 

- - - . - . . 
1 4 ~--i--2 -

Dclayo11silic:itiun u( slerncbrae _ _ _ -· l 
- - ··- -

Total Cctusc:i examined 132 

Total variational fetusCll :JO 
Total variational observ:itiun 31 

T ",!.:I _v:_l!i:1t ion:1l__fc1~scs_ ratio 
'rot,i( fetuses examined 

2:!.7'½, 

11) fetus with 2 variations 

Table , EITect skeletal development of mouse fetusc., ( :1 ) 
ICR ·Jl'.I. ,1r:1in 7-oryzanol(daily dose 6JO mg/ks) 

~-
Obsccva11on 

o. of c,cperimeniol nnfmol,i i 
· ------ _ _ .I 2 3 4 5 s __ 7- II !J•· IU II r:: i;J II 15 Iii 17• 1111!1:.il Tut.ti 

Malformations 

Variations 

Split or bif urc.uion of atlas 

Split or bifurcation of axis 

Cervical rib 

14th rib 

Extra sternebrae 

Asymmetry of sternebrae 

Types of ossification 

Delayossilication of slernebrae 

1 

2 1 

r- ---· --
5 

., 

., 

U 

fl 

I:! 

:; 

Total fetuses examined 

Total variational fetuses 

Total variational observation 

l:!11 

Tot:1I _":,'riational fet__U!_es_ratio 
Total fctuse, e:rnm inei:I 

- - ---- --------
15. (j''i~ 

a) fetus with 2 variation, 
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Table 5 Inllucn,e of 1 -oryzanol on skeletal de,:elopment of mouse fetuses 
(Sumrn:ir)·) ICR-JCL strain 

Drug and Du~e -I r-oryzanol 6 mg/kg lr - oryznnol GOO mg/kg 
·- - I 

No. o( fetuses examined 132 12s 
- -- -

I I · 
Skeletal malformations (~(, ) 

Skull 0 0 0 
A:< i~l skeleton 0 0 0 
Appendicular 
- ~-

skeleton 0 0 0 

Skeletal v:iriations (%) 

Split or bifurcation of atlas 0 3(2.3) 2(l. 6) 
Spli1 or bifurcation of axis 3( l.!l) 1(0.8) 1(0.8) 
Cer\'ical rib 1(0. G) 0 0 
1-1 th rih 13(8. l) 23(17.4)* 12(9.4) 
E:<tra Stcrnebrae··• 0 0 2( l. 6) 
Asymmetry o f sternebrae 5(3. l) ~(J . O) 5(3. 9) 

_T~ta l _\-~r i~~~ !___f~ tuses ratio 13. 1% 22. 7%* 15. 6% Tot:il fc 1111es c,comined I 
Development or ossification 

I 
I 

Delayossilication of sternebrae 6(3. 7) I 2(1. 5) 2(1.6) 
No. or caudal vertebrae 8. 0±l.5l 8. 6± 1. 99 8. 7:::::l.99 
No. uf proitimal phalanges in Corepaw1•' 4. 0±0. 13 4.0±0.19 4,0±0 
No. of proximal phalanges in hindpaw"' 4. 6±0. <14 4.9±0.25 "· 9=:0.15 
[';o. of middle phalanges in Corepaw•• 2. 4±0. 72 2.7:!::0.59 2. 9:::0.06 
No. uf middle phalanges in hindpaw•• 
- -· -- 0. 9±1.08 1.3±1.26 1.8:::::l.22 

Calcaneous 132(82.3) 108(81. 9) 110(85. 9) 
Talus 13(8. 9) 17(12. 9) -I 12(9.-1) 

a) Appeared bet,.·een the 5th and 6th sternebrae • P<0.05 
b) Me:in:_i:S . D. 

-

No malformation was found in any group. Variations such as split or bifurcation of atlas; split 

or bifurcation of axis; cervical rib, 14th rib, and extra sternebrae (photo 2); and asymmetry of 

sternebrae (photo 3) were observed. A 14th rib was found in 17.4 % in the group that took 

6 % y-oryzanol, which was significantly higher as compared to the control group. However, 

the occurrence rate of bone variation except for a 14th rib was as low as 0.8 to 3.9 % and 

there was no significant difference between the y-oryzanol administration groups and the 

control group. 
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Photo 2 -"'""'": ;· ,,rv,;m11I 1;110 1111-: k~ Photo 3 Mouse ;--oryzanol 6:JO mK/kK 
Exira ,lcrnchr:oc Asymmetry of (5th) sternebrae 

Skeletal development of breast bone; the number of tail caudal vertebra, the number of 

proximal phalanges of toe bone, the number of middle phalanx, and the number of fetuses 

with ossified ankle bone and calcaneal bone were used as indexes to examine skeletal 

development. These values were slightly higher in the y--oryzanol administration groups as 

compared to the control group. However, the difference was not significant and it was 

confirmed that there was no influence of y--oryzanol in skeletal development. 

Table 6 shows the results of observation of fetuses fixed in Bouin's solution. 

There was no noticeable difference in the y--oryzanol administration groups or the control 

group. 

Table 6 Observation of some organs by razor blade sectioning method•' 
2:::::::::r"~,1,,;. ~ 

Drug and Dose Control r-oryznnol 6 mg/kg r-oryzanol 600 mg/kg 
No. or observed fetuses 

No. or abnormal fetuses 
55 

0 
67 

0 
62 

0 
11 

) Organs observed were · brain, eye, mouth, heart, lung, kidney, gonad etc. 

3) Influence on offspring 

Table 7 shows the results of raising offspring until the 21 st day after birth. Table 8 shows the 

results of observation of external differentiation. Fig. 2 shows the increase in their weight. 

The total number of offspring was almost the same in the y--oryzanol administration groups 

and the control group. There were dead offspring sporadically in the group that took 6 mg/kg 

of y--oryzanol. 25 % of the total offspring died by the 21 si day and the rearing rate in this 

group was 75 % which was significantly lower as compared to the control group. 
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Table 7 Influence or ;-oryz.inol on mouse olfsprings 

Drug and Dose 1 · --~-::~jr-orymnol 6 mg/kg j r-orymnol 600 mg/kg 
----------

No.or dams I ----~-I __ -_-s ___ l 5 

Total o(Csprings (lit. size ,=S. D) 56(11.2±1.30) 56(ll. 2:!:l.92) 5"(10.8::l.64) 

No.or live olrsprings 
(Doys ofter delivery) l 56 54 

5 56 52 

9 56 51 

13 56 49 

17 56 42 

21 
-I 56 42 

Total weonlings (lit. sise::S. 0) l 42(8. 4 ±2. 25) 54(l0.8±L.64) 56(ll.2±1.30) 
Sex ratio (~/*) 1. 57(33/21) 

I 
1. 41(24/18) 1. 43(33/23) 

Rate or weanling (%) 100 75 100 
---· I I 

Table 8 Influence or r-orymnol on external differentiation or mouse olfsprings 

"··-o:;::;~~x- ~ --,· T ~ Con:1 r;=,;nol ·7m;;r;~:;:;:i-;;~;/k~~ 
Time scale or external CeotureS"' 
(Days after delivery) 

Detachment of auricles iS 3.8±0.46 4,2±0.31 4.0::;0.00 

3.8±0.42 4.5±0.50 4,0±0,07 

Eruption of incisor 
* a 10.5±0,51 10.5±0,46 10. 7±0,25 

$! 10.4±0.50 10.5±0.50 l0.7::;0.-11 
Opening of eyelids .s 14.0±1.04 U.2±0.36 l-1.:?!:0.-lol 

~ 14.0;tl.36 U.3!:0.47 U.2;!:0.45 

Behavionil obnorm:ilities 

l\bnormolities or auditory, poin and 

-
righting reflex 

I 
------ - - -- - - ----------

11) Menn :=S. 0. 
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Fig. 2 Mean body weight of young mice after delivery 
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Increase of weight was slightly less in the group that took 6 mg/kg of y-oryzanol. However, 

the difference was not significant as compared to the control group. 

When differentiation was observed, detachment of auricles was slightly delayed in the group 

that took 6 mg/kg of y-oryzanol, though the delay was within a day. Eruption of incisor and 

opening of eyelids were confirmed on almost the same day in both y-oryzanol 

administration groups and the control group. Fur appeared around the 10th day, both in the 

y-oryzanol administration groups and control group. 

No abnormalities were found in the external appearance; general behavior; or auditory, pain, 

and righting reflex in three week old live weanlings. 

There was no noticeable variation in observation of principle organs and stained bone 

samples. 

II. Rats 

1) Influence on dams' body 

Fig. 3 shows the change of dams' weight. 

The weight of dams in the group that took 6 mg/kg of y-oryzanol increased by a similar 

amount to the control group. The weight of dams in the group that took 600 mg/kg of 

y-oryzanol increased between the end of administration and the end of the test period 

slightly more as compared to the control group, though the difference was not significant. 

No influence was found in general conditions after administration just like the results for 

mice. There was no specific change in dams in partial inspection of principle organs during 
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Cesarean section. 

Fig. 3 Meon body weight of pregnant rats throughout the period of pregnancy 
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Arrows indicate oral administration of the drug. 

2) Influence on fetuses 

Table 9 shows the results of observation of fetuses. 

Total implants and total number of live fetuses of the group that took 600 mg/kg of 

y-oryzanol were similar to the control group. The values of the group that took 6 mg/kg were 

slightly less as compared to the control group. However, the difference was not significant. 

The percentage of dead fetuses for this group was 2.5 % which was lower than the control 

group's 4.7 %. 

Table 9 Influence of r-oryzanol on rat fetuses 

Drug and Dose Conlrol r-oryzanol 6 mg/kg r-oryzanol 600 mg/kg 

No.of dams 20 20 20 

Total implant, (lit. size±S. D.) 232(tl.6±l.94) I 190(9. 5~2. 79) 230(ll. 5 ± 2. 47) 

No . of fetuses 
6(2. 6) 5(2. 6) 3(1.3) 

Dc:id of resorbed (%)•' D) 0, R) 6(2. 6) D) 2(1. 0), R) 3(1. G) D) 2(0. 9), R) 1(0. -1) 
Live (lit. size ±S. D.) 226(11. 3±2. 17) 185(9. 3 ± 2. 95) Z27(tl. 4 ±2. 65) 

Sex ratio Co/~) l. 21( [24/102) l. 13(98/87) t. IO(ll9/108) 

Fetal weight o 5. 43±0.46 6. 00±0. 42 5.87±0.~5 
(Mean±S. D.) !? 5. 35±0.46 5. 

External abnormalities I 
73±0.39 5. 63:::0. 49 

(%)b' Hematoma J(l. 3) I Hematoma 2 (0. 9) 

Bent lail 1 (0. 4) 

a) % of total implants b) % of live fetuses 0) Oend fetuses R) Resorbed fetuses 

The rate of dead fetuses for the group that took 600 mg/kg of y-oryzanol was 1.3 % and the 
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rate for the group that took 6 mg/kg was 2.6 % which were not significantly different. Mean 

body weight of live fetuses of y--oryzanol administration groups was slightly higher as 

compared to the control group both for males and females. 

From external observation, two cases of hematoma and one case of bent tail were found in 

the group that took 600 mg/kg of y--oryzanol and three cases of hematoma were found in the 

control group. 

The occurrence rate of all abnormalities was as low as 0.4 to 1.3 %. There were no fetuses 

with any visceral abnormalities in the y--oryzanol administration groups or control group. 

Tables 10 to 12 show the results of observation of stained bone samples and Table 13 

shows the summary. No malformations were found in any group. 

Table 10 Influence or r-oryianol on skelet,il development or rat fetuses 

Control Wistar strain 

Test anim:il 
Observation i l 2 3 4 5 6 7 No. 8 9' 10 11 12 13- 14 15=:=; 18 l;-;0 I =:;::-;= 

Malformation, I - -
Variations 0 
Non-ossified of 5th sterncbroc l 3 
Asymmetry of sternebroe l l l 2 l l 7 
Transformation or split of thoracic body l 
Split of thoracic arch 1 l 
14th rib l 1 2 3 2 6 2 4 4 2 l 28 
Split of lumbar arch l l 1 3 

· --- - - - -
Type, of ossification 

Delayossilication of sternebrne 2 l 2 2 7 
----------·---'----'----- -- --- --- -----

Total fetuse• e,comined 145 
Total vari:itional retuse, 40 
Total variational observations '13 
Totnl variational fetll5c s . 
1iiiiil-(e1 usc, examined r:1t,o 27.6% 

a) fetus with 2 variations 
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Table 11 lnlluence of r-oryzanol on skeletal development of rat fetuses 

r-oryzanol (dail}· dose G mg/kg) Wistar str.1in 
-· • • • ' .?- $ - - - ... ... - - -

Test animal 
Nu. -r~ 2 3 5 Observ;ition 4 6 7 8 ~ _~[ _~~---~ 13 1~ 15 16 17 18 19 20 Tota.I 

Malformatiun:1 0 

Variations 

Nun-ossified of 5 ch stemebrae 0 

,\symmetry of sternebrae 1 1 l l 4 

Transformation or sprit or thoracic body 1 1 

Sprit of thoracic a.rch 0 

1-1 th rib 2 2 4 1 4 3 2 26 
Sprit of lumbar arch 

Types of ossilication ··· - - • -- ---1 
" 2 

1 

Delayossilication of stemebrae 1 1 1 3 3 2 1 13 

Tutel fetuses examined 115 
Tut:il v:iriacional letuse,; 30 
Toca! variational observations 32 

T oui l _vari.itional _ fct~ses r:itio 26.1 
T oca! fetuses e,camined 

a) fetuse : with 2 ,·:iriations 

Table 12 [nllucnce of ;-oryzanol on skeletal development of r.it fetuses 

;-ory:t:mol (daily dose 600 mg/kg) Wistar str:iin 

Test animal 
No. -~f 2 3 4 5 6 7 8-;{d: 12 _ t~ ~4 -15 16 ~7 18 19 20 I Total Observ:ition 

Malform.1tions 0 

Vari.1tions 

Non-ossified of 5th sternebr:ie 1 1 

Asymmetry of sternebrae 2 2 1 l 1 2 2 11 

Transformation or split or thoracic body 2 2 

Split of thoracic arch 0 
l-1 th rib 3 3 l G l l 3 3 8 38 " 5 
Split of lumbar arch l l 

-·- --· 
Types of : ssi~ication - -

l)elayossilication or sternebrac __ _ 

_-I --···--
1 1 4 

- ----- - --
Tot:il fetuses ex:imine<l 1'12 
Total vMi:itiun:il fetuses 49 
Tut.ii variational ubserv.1tions 53 
T 1Jta l vari,Hional fetuses . 

34.5% Total fet uses c:rnmine<l ratw 
-- ···-- ·- - --- -

.1) fctusc with 2 variations 
h) fetuse with :J variations 
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Tnble 13 lnlluence of r-ory,anol on skeletal development of rat fetuses 

(Summary) 

Drug ;ind Dose 

No. of fetuses e:camined ____ j ___ i,_,s_ .. __ 1~~-- _ I__ t-l2 

Skeletal maform.itions (%) 

Skull 0 0 0 
Axial skeleton 0 0 0 
Appendicular skeleton 0 0 0 

Skeletal variations (%) 

Non-ossified of 5th slerncbrae 3(2.l) 0 l(0.7) 
A~ymmetry of sternebrae 7(4.8) 4(3.5) 11(7. 7) 
Translormation or split of thoracic 

1(0.7) 1(0.9) 2(U) body 

Split of thor.icic arch l(O. 7) 0 0 
l~ th rib 28([9.3) 26(22. 6) 38(26.8) 
Split uf lumbar arch 3(2. l) 1(0. 9) I 1(0. 7) 

Total ,·ariational fetuses . 
27.6% 26.1% 34.5% Total fetuses· ex;1ninel rat1u -~l~ -I 

Development of ossificatiun 
J 

Delayossilication oi sternebrae 7(-l.8) 13( 11. 3) 4(2.8) 
No. of caudal vertebrae•' 6. 9:!: L. 23 7.3:!:0.92 7.0:!:l.25 
No. of proximal phalanges in forepaw•' 3. 8±0. 55 3. 9±0. 46 3. 7 ±0. 7l 
No. o[ proximal phalani;es in hindpaw• ' 1.8::::L.59 2. 1:::: I. 57 2. l:tl.58 
No. of distal phalanges in [orepaw•' 5.0:.:.0.00 5. 0:::0. 00 5.0::::0.00 
No. of distal phalanges in hindpaw•' 5. 0±0. 26 

- --- -- -
5. 0 :tO. 

-- --- ---- ----- ~ 
13 5.0:t0.17 

----------
a) :'-,lean ::S. D. 

In the y-oryzanol administration groups, variations such as non-ossified of the fifth 

sternebrae, asymmetry of sternebrae (photos 4 and 5), transformation or split of thoracic 

body (photo 6), split of lumbar arch, 14th rib, and split of lumber arch (photo 7) 

were observed. These variations were found in the control group as well and there were no 

significant differences between the administration groups and the control group. 

Photo l Rat: r-ory,anol 6:JO mg/kK Photo 5 Rat: r-oryzanol 6 mK/kg 
Asymmetry o[ 2nd-5th sternebrae Asymmetry o[ 5th ,terncbrae 
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Photo f, R.11 ;· -,,ry anul Ii 111.:/kl! 

Translurmal1uu of thor:1l~1l· l>wf~- Photo i IL,t Sp,t ul :1 rd lu in bar .1rd1 

Skeletal development of breast bone; the number of tail caudal vertebra, the number of 

proximal phalanges of toe bone, and the number of distal phalanges were used as indexes 

to examine skeletal development. These values were similar to the values of the control 

group. 

Table 14 shows the results of observation of fetuses fixed in Bouin's solution. No variation 

was observed except for two cases of ureterohydronephrosis (photo 8) in the group that 

took 600 mg/kg of y-oryzanol. 

Tallie 11 1)1,,cn•aliun .,r ,umc •JCl!ans h,· r;izur Pholn S Ra1 . ;·-urp.anol oOll m1ot/k~ 
hi.Hie scctiunini,: methucl• I: r<!Lcruhydruncphros:s 

Dru~ ,111(1 Do,c Control ;· -uryza nul ;· -uryQnul 
Ii mi;/ ki,; Ii.kl mH / k • 

Nu ul 11bscncd 
:)5 Ii:! Ii:! let use:, 

Nu. ul :1b11urmal 
0 I) •lf,1 

fetus<?; 

a) ( )rt:;ans ub::icrval were:: br:1in. c:~c. muuth. 

hc:irl. lun;:, kidney. i;unad etc 

h) L:rclcruhydruncphrusis. 

3) Influence on offspring 

Table 15 shows the results of raising offspring until the 21st day after the birth. Table 16 

shows the results of observation of external differentiation. Fig. 4 shows the increase in their 

weight. 
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Table 15 Influence ur r-uryz:mul un r:1t uffsprings 

Orui: :ind Duse Control ;-nry,,'tnol 6 ml(/kl{ 1 r-uryz.inul 61XI ml(/k,t 

Nu. ur dams 5 

Tut:il ulfsprin1:s (Iii. size •:5 . 0.) Iii( 12. :! 1; l. 59) lill(l2. 0 '. l.!$7) -15(9. 0..=2. 9:!) 

Nu. ur live: ufbprini:s 

(Days :ihcr tlclivcry) Iii fill .,s 
Iii !i7 -1:? 

9 Iii 57 -12 

t:l Iii 57 -12 

17 Iii :,; ·12 

:!I 1;1 57 ·12 

Tut.ii wc:1111li111:• (lil ~i,c ' S. O.J IH( I:! . :! •:2.59) :ii( 11. ., I :!. ,( I J ·12(8. -I•;:!. l!l) 

Sex ratiu ( -~ .. · ·~) I. 11:l{ :11 :JO) IJ. !)li(:!11 :!!l) II. !ll(:!11 2:!) 

Rate: or \Veanli1111 ('X,) IINI !)!i !)J 

Table 16 lnRuenc:e or r-oryzanol on external differentiation o[ rat oHsprings 

Time scale of external 

features•'(Dnys � ft,.~ delivery) 

Detachment of auricles 

Eruption of incisor 

Opening of eyelids 

Behavioral abnormalities 

3. 2±0. 42 
3.6±0 • .(0 

10.4±0.54 
10.2±0.54 

16.3±0.90 
16.3±0.82 

I I 

3. 3±0. 48 

3.3±0.48 
10.-1.±0.61 
10.4±0.62 

16.2±0.69 
16.2±0.62 

3.4±0.42 
3.2±0.38 

10.1±0.96 
10.0±0.68 
16.4±0.92 
16.3:t0.53 

_A_b_n_or_m_a_l_it-ie_s_o_f_n_u_d_it_o_~-p-ni_n_ nn-d- ,-- I 
r ighting reflex 

- -'------- --~-
11) Mean±S. D. 
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Fig. 4 Mean body weight of young rats after delivery 
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Although the total number of offspring was slightly lower in the group that took 600 mg/kg of 

y--oryzanol as compared to the control group, the difference was not significant. Some 

offspring died in the initial stage of rearing in all groups. Three offspring died in each 

y--oryzanol administration group. The rearing rate was 93 % in the group that took 

600 mg/kg of y--oryzanol and 95 % in the group that took 6 mg/kg, which were good results. 

When differentiation was observed, detachment of auricles, eruption of incisor, and opening 

of eyelids were confinned on almost the same day in both y--oryzanol administration groups 

9th and the control group. Fur appeared on around the day both in the y--oryzanol 

administration groups and control group. 

Although weight of offspring in the group that took 600 mg of y--oryzanol increased more as 

compared to the control group, the difference was not significant. 

Weight increase of offspring in the group that took 6 mg of y--oryzanol was similar to the 

control group. 

No abnonnalities were found in the external appearance; general behavior; or auditory, pain, 

and righting reflex in live weanlings, just as in mice. 

No abnonnalities were found in partial inspection of principle organs of live weanlings or in 

observation of stained bone samples. 

Discussion and conclusion 

Influence of y--oryzanol on fetuses and offspring was investigated using pregnant mice and 

rats. 
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In the test, 6 mg/kg (maximum regular dose for human) of y--oryzanol, which was six times 

more than regular dose for humans, was administered in the group for small dose 

administration. In the group for large dose administration, 600 mg/kg, which was 100 times 

more than the group for small dose, was administered. Normal saline solution was 

administered to the animals of the control group. 

No dam died or miscarried during the test period. There was no specific change in their 

general conditions. 

Yamamoto23
l and Wakao17

) et al. reported that y-oryzanol has an activity to accelerate 

growth. When the weight of dams was compared, the increase of weight of pregnant mice 

and rats in the group that took 600 mg/kg of y--oryzanol was slightly higher as compared to 

the control group. There was no significant difference in total implants and total number of 

live fetuses between the administration groups and control group. The number of resorbed 

fetuses of mice in the group that took 6 mg/kg of y--oryzanol was significantly different from 

the control group. However, the death rate of the group that took 6 mg/kg of y--oryzanol was 

7.8 % including resorbed fetuses, which was lower than the natural death rate of ICR-JCL 

mice 9.4 %24
), 10.2 %25

), indicating that the death of the fetuses was not caused by the 

administration of y--oryzanol. This can be confirmed by the fact that the death rate in the 

group that took 600 mg/kg of y--oryzanol was 2.5 %, which was lower than the rate of the 

control group. 

In the observation of fetuses, a few cases of club foot and hematoma were found in mice 

and a few cases of hematoma and bent tail were found in rats. No other abnormalities were 

observed. 

In observation mainly to check for missing principle organs, there was no fetus with 

abnormalities. Only two cases of ureterohydronephrosis were found in rat fetuses fixed in 

Bouin's solution in the group that took 600 mg/kg of y--oryzanol. 

No bone malformation was found in stained bone samples. 

In some mice, variations such as split or bifurcation of atlas; split or bifurcation of axis; 

cervical rib, 14th rib; extra sternebrae; and asymmetry of sternebrae were observed. In some 

rats, asymmetry of sternebrae, 14th rib, non-ossified fifth sternebrae, transformation or split 

of thoracic body, split of lumbar arch, and split of lumber arch were observed. These 

variations were found in the control group as well and there was no significant difference in 

their occurrence rate between the administration groups and the control group except for 

14th rib (mice, y-oryzanol 6 mg/kg). 

Skeletal development of breast bone; the number of tail caudal vertebra, the number of 

proximal phalanges of toe bone, the number of middle phalanx, the number of distal 

phalanges and the number of fetuses with ossified ankle bone and calcaneal bone were 

used as indexes to examine skeletal development. These values were almost the same in 

the y--oryzanol administration groups and control group, indicating that there is no influence 

of y--oryzanol in skeletal development. 
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When the change in the weight of offspring was examined, increase of weight was slightly 

less in the mice in the group that took 6 mg/kg of y-oryzanol. However, the difference was 

not significant. There was no indication of prohibited weight increase in the group that took 

600 mg/kg of y-oryzanol. The weight of rats in the group that took 600 mg/kg of y-oryzanol 

increased adequately. 

Rearing rate of mice three weeks after the birth was as low as 75 % in the group that took 

6 mg/kg of y-oryzanol. However, the rate was 100% in the y-oryzanol administration group. 

Differentiation conditions in the y-oryzanol administration groups were good as well. No 

abnormalities were found in the external appearance; general behavior; or auditory, pain, 

and righting reflex in mice or rats. 

In general, no deformities were found in fetuses born from dams that y-oryzanol was 

administered to. Most of the variations observed in administration groups were also found in 

the control group and the degree was within the range of natural occurrence. Thus, 

y-oryzanol is not considered to be teratogenic. y-oryzanol does not show any influence on 

skeletal development either. 

The fact that no appearance abnormalities, visceral malformations, or bone malformations 

were found from observation of three week old weanlings confirms that y-oryzanol is not 

teratogenic. 
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11821 Parklawn Drive, Suite 310 
Rockville, MD  20852 


T: (301) 230-2180; F: (301) 230-2188 
https://chromadex.com/consulting-overview/ 


 December 3, 2018 
 
 
Rachel Morissette, Ph.D. 
Acting Supervisory Consumer Safety Officer 
Center for Food Safety and Applied Nutrition 
Office of Food Additive Safety 
U.S. Food and Drug Administration 
5001 Campus Drive, HFS-255 
College Park, MD 20740 
 
RE: Response to FDA Questions on GRN 800 - Gamma-oryzanol 
 
 
Dear Dr. Morissette: 
 
In response to your e-mail of November 19, 2018, following are our responses to FDA’s 
questions on GRN 800.  FDA’s questions are in italics and our responses are in plain text. 


1) Oryza indicates that its commercial γ-oryzanol product derived from Oryza sativa Japonica 
rice bran consists of five different ferulates. The notice states “product specifications and 
other quality testing…in place to control the levels of the predominating sterol ferulates…”; 
however, it is not clear how Oryza will do this. The content of natural products tends to vary 
with growing conditions, such as season, weather, soil, etc. and across time. Please explain 
how Oryza will maintain or control the levels of chemical components in its product and 
what are the parameters associated with this.  


Although natural product composition can vary with growing conditions, the relative abundance 
of the predominating ferulates in ORYZA GAMMAX does not vary more than 10% from year to 
year (see Table 4 (page 11) of the GRN 800 and note that the batches were produced over the 
course of 2015 and 2016 (the dates of manufacture for the four batches presented in Table 4 are 
provided in Table 3 (page 10))). Importantly, Oryza controls the sum of the predominating sterol 
ferulates with the “γ-oryzanol” product specification (see Table 3) using a validated HPLC 
method that quantitates the amount of cycloartenol ferulate, 24-methylene cycloartanol ferulate, 
campesterol ferulate, β-sitosteryl ferulate, cycloartanol ferulate, and cyclobranol ferulate. Thus, 
the product contains not less than 85% of the combined amount of cycloartenol ferulate, 24-
methylene cycloartanol ferulate, campesterol ferulate, β-sitosteryl ferulate, cycloartanol ferulate, 
and cyclobranol ferulate. Additionally, by qualifying each batch for release against the γ-
oryzanol specification, the levels of the predominating sterol ferulates are monitored.  
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2) On page 32 in the “Genotoxicity Studies” section (Section VI.B), Oryza states that the 
genotoxicity of γ-oryzanol is corroborated (i.e., substantiated) by several DNA-related tests. 
However, the subsequent discussion of the results of these various tests indicates that γ-
oryzanol is not genotoxic. Please clarify these conflicting points.  


We agree that this statement is misleading and the studies in Section VI.B show that γ-Oryzanol 
is not genotoxic. We have therefore edited this paragraph to more accurately reflect the results of 
the genotoxicity testing. Please replace the first sentence of the discussion under “Section VI.B. 
Genotoxicity Studies” (page 32) with the following text: 


“ORYZA GAMMAX is not expected to be genotoxic based on the results reported by 
Tsushimoto et al., 1991. Using a preparation of γ-oryzanol resuspended in acetone with an 
unknown sterol ferulate composition, Tsushimoto et al. conducted DNA repair (Rec assay), 
bacterial reverse mutation (Ames assay), and in vivo chromosomal aberration tests.” 


3) In the summary of the toxicology studies, the NOAEL is stated as 3000 mg γ-oryzanol/kg 
body weight (bw)/day, the highest exposure level tested (e.g., page 33). However, in other 
sections of the notice, Oryza states that the NOAEL is 2000 mg/kg bw/day (e.g., page 3, point 
#7; page 44, paragraph 1; page 60, point #7). Please clarify the NOAEL selected by Oryza.  


This was a typographical error and the correct NOAEL is 2000 mg/kg bw/day. Please replace the 
second sentence in the discussion under “Section VI.C.1 Summary” (page 33) with the following 
sentence:  


“The no observed adverse effect level (NOAEL) for ORYZA GAMMAX was determined to be 
2000 mg/kg/day.”  


4) In the notice, Oryza discusses a white substance observed in the feces of male and female 
rats at the 1000 and 2000 mg/kg bw/day exposure levels of γ-oryzanol (page 38), in addition 
to the 3000 mg/kg bw/day exposure, suggesting that the γ-oryzanol test substance is not 
readily absorbed. Oryza noted that the white substance was not observed consistently 
throughout the study. However, it was present for the last 33-34 days of the 1000 mg/kg/day 
treatment group and for the last 87-88 days of the 90-day study in the 2000 mg/kg bw/day 
treatment group. This suggests that the white substance was present consistently during 
exposure to γ-oryzanol. Please clarify this inconsistency.  


Thank you for identifying this inconsistency and we agree that the white substance was present 
in the feces during the study and likely the result of undigested test article (γ-oryzanol). Please 
replace the first paragraph on page 38 of the Notification with the following text: 


“A white substance was observed in the feces of all males and females from day 57–58 to day 90 
in the 1000 mg/kg body weight/day group and all males and females from day 2–3 to day 90 in 
the 2000 mg/kg body weight/day group. Previous work has found that γ-oryzanol is poorly 
absorbed (Mandak and Nystrom, 2012). Although not confirmed, the white substance was 
assumed to be ORYZA GAMMAX due to what is known about its poor absorption and presence 
in ORYZA GAMMAX-treated, but not control-treated rats. Importantly, it was not 
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toxicologically significant due to the fact that no macroscopic findings or lesions were noted in 
the gastrointestinal tract. There were also no abnormal ophthalmological findings in any rats. An 
open toe wound with nail damage, hemorrhage, and/or crust formation was observed on the left 
hind limb of one male on days 50–57 and on the right forelimb of one female on days 44–49 in 
the 2000 mg/kg body weight/day group. These findings were incidental changes unrelated to 
ORYZA GAMMAX, since they were not observed in any other rats throughout the study.”  


5) Two corroborative animal studies with γ-oryzanol (i.e., chronic toxicity and developmental 
studies) are published in Japanese and no translated copy of the studies were provided. 
Please provide a certified English translation of these published studies.  


English translations of both studies were submitted with the original Notification. We have 
attached the English translations of these studies to this response to expedite review.  The 
toxicology reports were translated by Oryza Oil & Fat Chemical Co., Ltd. based on the test 
results provided by the Institute of Medial Science, the University of Tokyo. Oryza hereby 
confirms that the translation and original test results are consistent. 


6) Oryza discusses the body weight results in the first paragraph on page 46. First, it is stated 
that there is no change in body weight at certain exposure levels. Later it is stated that there 
is a decrease in body weight at similar exposure levels in the same study. Possibly some 
relevant descriptive information is missing in this section. Please clarify this discrepancy. 


The two discrepant statements refer to the body weight changes in males and females and we 
agree that relevant descriptive information is missing. Please replace the paragraph that includes 
this discussion (beginning on the bottom of page 45 of the Notification) with the following text: 


“In the 1000 mg/kg-treated group, one male rat died on the 17th day, one female rat died on the 
73rd day, one female rat died on the 121st day, and on male rat died on the 128th day of the study. 
In the 300 mg/kg-treated group on male rat died on the 84th and one male rat died on 143rd day of 
the study. There were no deaths in the other groups. The causes of the deaths were not reported. 
Nasal inflammation was observed intermittently throughout the study in all groups including 
control animals and was most severe at approximately the 100th day. Although there was a 
transient decrease in the body weights of the γ-oryzanol-treated male rats during the 14th week of 
the study, there were no significant differences feed intakes or body weight gains during the 
study. Moreover, there were no significant differences in absolute body weights between the 
control- and γ-oryzanol-treated male rats at the end of the study. In female rats, significant 
reductions in absolute body weight were noted in the 30 and 300 mg/kg-treated groups at weeks 
6, 8, 10, 12, 16, 18, 20, 24 and 25 and weeks 24 and 25 in the 100 mg/kg-treated group compared 
to the control group. No significant reductions were noted in the 1000 mg/kg group females 
compared to controls.  Additionally, were no significant differences in feed intakes or body 
weight gains between the treated and control groups. Importantly, because the weight range 
reductions were not dose-dependent and there were no differences in body weight gain, the 
changes were considered to be the result of having fewer numbers of rats after the interim 
investigation rather than a toxic effect of the test article.” 
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7) Throughout Part 6 of the notice, Oryza makes comparisons to “historical” control values for 
different studies, using that as justification as to why an effect is not treatment related. 
However, those historical control values (e.g., BUN, BWs, total cholesterol) or information 
about their source were not provided. Please provide the “historical” reference values and 
information cited throughout all relevant studies.  


There are two references to “historical control values” in Part 6 of the Notification. One 
reference is in the third paragraph on page 38 and the other is in the third paragraph on page 44. 
The reference on page 38 is addressed in our response to question 8. The reference on page 44 is 
from a peer-reviewed study that was published in 1992. It will not be possible to obtain the 
supporting studies for the second reference.     


8) The treatment-related BUN increase in the 2000 mg γ-oryzanol/kg/day group and the 
treatment-related increases in total cholesterol in male rats (i.e., change at p<0.01 level) and 
in females (non-significant trend) at the 2000 mg γ-oryzanol/kg/day exposure level in the 
pivotal study are not adequately explained. Please address these findings.  


According to Table 16 (page 40) in GRN 800, the increases in BUN and total cholesterol were 
only seen in the γ-oryzanol-treated males and only the increases in the 2000 mg/kg bw/day-
treated male were statistically significant compared to the control-treated males. No significant, 
non-significant trend, or dose-responsive effects were seen in the γ-oryzanol-treated females. 
Importantly, the increases in the BUN and total cholesterol noted in the γ-oryzanol-treated males 
were within the historical ranges reported by the laboratory that conducted the study (Lee et al., 
2012) and not seen in the γ-oryzanol-treated females, indicating that the effects were not 
treatment-related. Moreover, this study was subjected to peer-review prior to publication and 
thus, the conclusions were deemed acceptable by the reviewers. We have revised the discussion 
of these results accordingly. Please replace the third paragraph on page 38 with the following 
text: 


 “There were no significant differences in hematology parameters in males and females between 
the γ-oryzanol- and control-treated groups (Table 15). Except for the blood urea nitrogen (BUN) 
and total cholesterol (T-Chol), which were significantly increased in males from the 2000 
mg/kg/day group, there were no significant differences in the remaining blood chemistry 
parameters in males and females between the control and 1000, 2000 mg/kg/day-treated groups. 
Importantly, the significant increases in BUN and total cholesterol were considered to be not 
toxicologically significant because they were not observed in both sexes and were within the 
historical ranges reported by the laboratory that conducted the study (Lee et al., 2012).”  


Also, please add the following reference to the reference list provided in section “VII. 
Supporting Data and Information”: 


“Lee, J.M., Lee, M.A., Do, H.N., Song, Y.I., Bae, R.J., Lee, H.Y., Park, S.H., Kang, J.S., and 
Kang, J.K. (2012). Historical control data from 13-week repeated toxicity studies in Crj:CD (SD) 
rats. Lab Anim Res 28, 115–121.” 
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9) Please provide the date (month, year) through which an updated literature search was 
conducted. 


The literature search was completed on January 29, 2018.  


 


 Should you have additional questions, please let us know. 


  Sincerely, 


 


  Claire L, Kruger, Ph.D., D.A.B.T. 
  President 
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Historical control data from 13-week repeated
toxicity studies in Crj:CD (SD) rats


Jung-Min Lee1, Min-Ah Lee1, Hyeon-Nam Do1, Yun-Ik Song1, Re-Ji-Na Bae1,
Hye-Yeong Lee1, Sun Hee Park1, Jin Seok Kang2*, Jong-koo Kang3*


1Department of Pathology, Biotoxtech Co., Ltd, Ochang Scientific Industrial Complex, Cheongwon-gun, Korea
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Reference ranges of standard experimental parameters are useful for comparisons in toxicology. The aim
of this study was to collect data from 13-week repeated toxicity studies in Crl:CD (SD) rats, a strain
widely used for toxicity and efficacy research, for establishing domestic reference values. Data on body
weight, food consumption; urinalysis, hematological, and blood biochemical parameters; and organ
weights were collected from 11 toxicity studies in 220 Crl:CD (SD) rats (110 males and 110 females). The
studies had been performed at a single testing facility over the last 5 years and involved animals sourced
from a single breeder. The findings were collated as means, standard deviations, percentages, and ranges.
Urine volume, uterus weight, eosinophil, and basophil counts, and triglyceride, total bilirubin, and
gamma-glutamyl transpeptidase levels showed standard deviations of 30% or more. These historical
control data would help to interpret the effects of test substances in routine toxicity and efficacy studies.


Key words: Crj:CD (SD) rat, control data, reference range, toxicology
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The toxicity and efficacy of food additives, pharma-


ceuticals, and chemicals have been interpreted on the


basis of background data collected from laboratory


animals. Although these data are invaluable and essential,


they are affected by age, breeding environment, feeding,


measurement equipment, and testing method [1,2]. The


results of toxicity and efficacy studies have also been


interpreted by establishing control groups. Nevertheless,


such results are difficult to interpret when the control


data are not consistent or when the experimental values


are extremes of the control data [3]. In addition, sporadic


changes unrelated to the test substance or false-positive


results are common. In such cases, the toxicological


significance is generally determined by checking for the


presence of a dose response, changes in related parameters,


or changes in physiological ranges [4]. Background data


are used to determine various physiological ranges.


Understanding such data is important because it is the


first step for appropriate interpretation of treatment-


related changes [1]. However, the current major animal


breeders do not provide background data on standard


experimental parameters. Further, the results of many


studies have been interpreted on the basis of foreign


background data. Reference values in the published


domestic literature are scarce, and the available background


data present information only of gender differences at


the same age [5,6]. In addition, these data do not fully


reflect the factors affecting data quality, because of
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sample sizes of less than 100 animals and collection


periods of less than 1 year [7].


To the best of our knowledge, published background


data from studies in rats is limited in Korea. In this study,


we aimed to collect data from 13-week repeated toxicity


studies in Crl:CD (SD) rats, a strain widely used for


toxicity and efficacy research, for establishing domestic


reference values.


Materials and Methods


Data collection


The data were gathered from 13-week repeated toxicity


studies in 220 Crl:CD (SD) rats from same breeder, ages


(ORIENTBIO INC., Korea). The studies had been


performed in the same environment at a single testing


facility (Biotoxtech Co. Ltd.) over the last 5 years and


involved animals sourced from a single breeder.


Quarantine and acclimation


All animals had been quarantined and acclimated for


6–7 days, and their general health had been observed


daily. Their body weights had been recorded on the day


of receipt and group assignment by using an electronic


balance (CP3202S, Sartorius AG, Goettingen, Germany).


On the final day of quarantine and acclimation, their


body weights had been recorded again, and no abnormality


in clinical signs and body weight had been noted.


Animal husbandry


The animals had been housed individually in hanging


stainless-steel wire mesh cages in an animal room under


the following conditions: temperature, 19–25oC; relative


humidity, 30.0–70.0%; air ventilation, 10–15 times/h;


and illumination, 12 h (0700–1900 h). They had been


fed commercial diet (Teklad Certified Irradiated Global


18% Protein Rodent Diet 2918C).


Method of administration


The animals had received injection water (JW


Pharmaceutical, Korea) once daily by gastric intubation


using 3-mL disposable syringes fitted with intubation


tubes during the indicated dosing period.


Urinalysis


The rats had been fasted during urine collection, but


drinking water was available ad libitum. Urine volume


had been measured with a calibrated cylinder. Urine


samples had been examined for protein, glucose, ketone


bodies, urobilinogen, bilirubin, occult blood, and nitrite


by using reagent strips and a urine analyzer (Miditron


Junior II, Roche Diagnostics, Basel, Switzerland).


Hematology


Blood samples had been collected from the abdominal


aorta into collection tubes containing EDTA-2K. However,


for determining coagulation parameters, blood samples


treated with 3.2% sodium citrate water had been used.


The animals had been fasted for approximately 18 h


before sampling. The following hematological tests had


been performed by using an automated hematology


analyzer (ADVIA 120, Siemens Healthcare Diagnostics,


Tarrytown, NY, USA): erythrocyte count, hemoglobin


level, hematocrit, mean corpuscular volume, mean


corpuscular hemoglobin, mean corpuscular hemoglobin


concentration, and platelet, leukocyte, neutrophil,


lymphocyte, monocyte, eosinophil, basophil, and


reticulocyte counts. Prothrombin time, activated partial


thromboplastin time, and fibrinogen level had been


measured with a coagulation analyzer (ACL 7000,


Instrumentation Laboratory, Bedford, USA).


Blood biochemistry


After centrifugation, the following blood biochemical


tests had been performed by using an automated blood


chemistry analyzer (7080, Hitachi, Tokyo, Japan):


alanine aminotransferase, aspartate aminotransferase,


alkaline phosphatase, gamma-glutamyl transpeptidase,


blood urea nitrogen, creatinine, total bilirubin, total


protein, albumin, total cholesterol, triglyceride, phosphorus,


glucose, and calcium. Chloride, sodium, and potassium


levels had been measured with an electrolyte analyzer


(AVL 9181, Roche Diagnostics, Basel, Switzerland).


Organ weights


All animals had been sacrificed and examined


macroscopically, and their organ weighed recorded of


receipt and group assignment by using an electronic


balance (CP3202S, Sartorius AG, Goettingen, Germany).


Results


Body weight


The male and female rats showed a body weight gain


of 298% and 203%, respectively, from week 1 to week


13 (Figure 1). The standard deviation among individuals
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of the same age was within 10% of the mean body


weight. Male rats tended to gain more than 10% body


weight from the first to the third experimental week.


However, the body weight reached a plateau from week


4 to week 13. Female rats showed a similar trend.


Food consumption


Male rats consumed the maximum amount of food in


the seventh experimental week; thereafter, food consumption


reached a plateau until the end of the study. Similarly,


female rats showed the maximum food consumption in


the fifth week, which then remained constant until the


end of the study (Figure 2). Male and Female rats


consumed 26.6–33.8 and 20.7–23.9 g/day respectively.


The greatest difference between the minimum and the


maximum consumption by male rats occurred in the


fourth experimental week (27.1–49.6 g/day). In female


rats, the widest range was 12.0–26.5 g/day in the first


experimental week.


Urinalysis data


Male rats demonstrated the presence of ketone bodies,


protein, and occult blood in urine, and female rats had


proteinuria. The proportions of positive results in male


and female rats were as follows: protein, 42 and 20%,


respectively; ketone bodies, 12 and 2%, respectively;


and occult blood, 4 and 2%, respectively. In addition, the


standard deviation of urine volume was over 30% of the


mean value in both genders (Table 1).


Hematological data


The standard deviations of erythrocyte count, hemoglobin


level, hematocrit, mean corpuscular volume, mean


corpuscular hemoglobin, and mean corpuscular hemoglobin


concentration were less than 10% of the mean values in


both male and female rats (Table 2). For platelet and


reticulocyte counts, the standard deviations were more


than 10% and less than 20% of the mean values in male


and female rats, respectively. Further, the standard


Figure 2. Changes in food consumption of male and female
rats


Table1. Urinary parameter of male and female rats


Male Female


N Mean±SD Min Max N Mean±SD Min Max


U. Volume 25 12.9±4.9 4.4 33.5 25 7.1±4.2 1.6 22.4


Male Female


N - ± + +++ ++++ N - ± + +++ ++++


Protein (mg/dL) 50 29(58) 19(38) 2(4) 0 0 45 36(80) 9(20) 0 0 0


Glucose (mg/dL) 50 50(100) 0 0 0 0 45 45(100) 0 0 0 0


Ketone body (mg/dL) 50 44(88) 6(12) 0 0 0 45 44(98) 1(2) 0 0 0


Urobilinogen 40 40(100) 0 0 0 0 35 35(100) 0 0 0 0


Bilirubin (mg/dL) 50 50(100) 0 0 0 0 45 45(100) 0 0 0 0


Occult blood (Ery/µL) 50 48(96) 1(2) 0 1(2) 0 45 44(98) 0 0 1(2) 0


Nitrite (mg/dL) 35 35(100) 0 0 0 0 35 35(100) 0 0 0 0


Parentheses represent incidence


Figure 1. Changes in body weight of male and female rats
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deviation of lymphocyte count was less than 10% of the


mean value in female rats and more than 10% but less


than 20% of the mean value in male rats. The standard


deviations of the other differential counts were more


than 30%. The standard deviation of prothrombin time


was less than 10% of the mean value in both gender.


Finally, the standard deviations of activated partial


thromboplastin time and fibrinogen level in male rats


were more than 10% and less than 20% of the mean


values.


Blood biochemical data


The alkaline phosphatase and triglyceride levels showed


gender differences: alkaline phosphatase, 290.3±52.2 U/


L in male rats and 150.3±41.9 U/L in female rats;


triglyceride, 67±31 mg/dL in male rats and 32±14 mg/


dL in female rats (Table 3). The standard deviations of


chloride, sodium, and potassium, calcium, albumin, and


total protein levels in male and female rats were less than


10% of the mean values. The standard deviations of A/


G ratio and phosphorus level in male rats and glucose


level in female rats were less than 10% of the mean


values. Further, the standard deviations of glucose, blood


urea nitrogen, and creatinine levels and A/G ratio were


more than 10% and less than 20% of the mean values in


male and female rats. The standard deviations of total


cholesterol and alanine aminotransferase levels in


female rats were more than 10% and less than 20% of


the mean values. Moreover, the standard deviations of


total cholesterol level in male and female rats, and


aspartate aminotransferase, alkaline phosphatase, alanine


aminotransferase levels in male rats were more than 20%


and less than 30% of the mean values. Finally, the


standard deviations of gamma-glutamyl transpeptidase,


total bilirubin, and triglyceride levels in male and female


rats, and aspartate aminotransferase, alkaline phosphatase,


alanine aminotransferase levels in female rats were more


than 30% of the mean values.


Organ weights


The standard deviations of brain, heart, lung, kidney,


and testis weights were less than 10% of the mean values


(Table 4). Further, the standard deviations of pituitary,


liver, spleen, and adrenal weights were more than 10%


and less than 20% of the mean values. The standard


deviation of prostate weight was more than 20% and less


than 30% of the mean value, and that of uterus weight


was more than 30% of the mean value.


Discussion


In this study, we collated means, standard deviations,


Table 2. Hematological parameter of male and female rats


Male Female


N Mean±SD -2S.D +2S.D N Mean±SD -2S.D +2S.D


RBC (×106 cells/µL) 110 8.85±0.36 8.13 9.57 100 8.12±0.35 7.41 8.82


HGB (g/dL) 110 15.1±0.6 13.8 16.3 110 14.9±0.5 13.8 16.0


HCT (%) 110 45.1±2.0 41.1 49.0 110 43.3±1.5 40.2 46.3


Reti (%) 110 2.3±0.5 01.4 03.2 110 1.9±0.4 1.2 2.7


MCV (f/L) 110 51.0±1.7 47.6 54.3 110 53.0±1.5 50.1 56.0


MCH (pg) 110 17.0±0.7 15.6 18.4 110 18.3±0.5 17.3 19.3


MCHC (g/dL) 110 33.4±1.0 31.5 35.3 110 34.5±0.9 32.7 36.3


PLT (×103 cells/µL) 110 1136±122 892 1381 110 1097±117 863 1330


WBC (×103 cells/µL) 110 8.90±2.13 4.64 13.15 110 4.33±1.03 2.28 6.38


NEW (%) 110 20.8±5.8 09.3 32.4 110 18.9±6.0 6.8 30.9


LYM (%) 110 74.2±6.0 62.2 86.3 110 75.9±6.4 63.1 88.7


MONO (%) 110 2.6±0.7 01.1 04.1 110 2.4±0.8 0.9 4.0


EOS (%) 110 1.2±0.4 00.5 01.9 110 1.5±0.5 0.5 2.5


BASO (%) 110 0.2±0.1 00.0 00.4 110 0.1±0.1 0.0 0.3


LUC (%) 110 0.9±0.4 00.1 01.7 110 0.9±0.5 0.0 1.9


PT (sec) 099 14.9±0.8 13.3 16.5 090 14.7±0.5 13.7 15.8


APTT (sec) 099 17.2±2.1 13.0 21.3 090 15.8±1.4 13.0 18.7


Fib (mg/dL) 100 354±37 279 429 085 253±34 185 322


RBC, erythrocyte count; HGB, hemoglobin; HCT, hematocrit; Reti, reticulocyte; MCV, mean corpuscular volume; MCH, mean
corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration; PLT, platelet; WBC, leukocyte; NEW, neutrophil; LYM,
lymphocyte; MONO, monocyte; EOS, eosinophil; BASO, basophil; PT, prothrombin time; APTT, activated partial thromboplastin time;
Fib, fibrinogen
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percentages, and ranges of body weight, food consumption,


urinalysis, hematological and blood biochemical parameter,


and organ weights of Crl:CD (SD) rats from 11 studies


of 13-week repeated toxicity to establish domestic


reference values.


Body weight is an important parameter indicating the


animal's condition. It is the basis to determine the dose


of anesthetics or test substances in toxicity studies [8].


However, this parameter is frequently affected by feeding,


measurement time, and measurement sensitivity. In our


study, the standard deviations of body weight at each age


were less than 10%; thus, individual differences were


small.


Food consumption is a sensitive parameter because


reduced food intake by normal-appearing animals


suggests loss of appetite induced by the test substance.


However, food consumption is frequently affected by


individual differences and measurement time. In the


current study, the standard deviations of food consumption


at each age were more than 10% and less than 20% of


Table 3. Blood chemistry parameter of male and female rats


Male Female


N Mean±SD -2S.D +2S.D N Mean±SD -2S.D +2S.D


ALT (U/L) 110 31.2±5.8 19.5 42.8 110 29.9±10.3 9.3 50.6


AST (U/L) 110 85.8±18.5 48.9 122.7 110 82.8±23.2 36.5 129.1


ALP (U/L) 110 290.3±52.2 185.9 394.7 110 150.3±41.9 66.5 234.1


GGT (U/L) 070 0.65±0.39 0.00 1.43 070 0.86±0.45 0.00 1.77


Glu (mg/dL) 110 153±20 114 192 110 138±13 113 163


BUN (mg/dL) 110 12.8±1.4 10.1 15.5 110 13.9±1.7 10.4 17.3


Crea (mg/dL) 110 0.49±0.06 0.37 0.61 110 0.52±0.07 0.38 0.65


T-Bili (mg/dL) 110 0.06±0.02 0.02 0.10 110 0.08±0.02 0.04 0.12


T-Chol (mg/dL) 110 89±18 53 125 110 98±19 60 135


TG (mg/dL) 110 67±31 6 128 110 32±14 4 60


TP (g/dL) 110 6.3±0.3 5.7 6.8 110 6.6±0.3 5.9 7.3


Alb (g/dL) 110 2.5±0.1 2.2 2.8 110 3.0±0.2 2.5 3.5


A/G ratio 110 0.65±0.05 0.56 0.75 110 0.82±0.07 0.68 0.95


P (mg/dL) 110 6.17±0.45 5.26 7.07 110 4.62±0.62 3.38 5.86


Ca (mg/dL) 110 10.4±0.4 9.7 11.1 110 10.4±0.4 9.7 11.2


Na (mmol/L) 110 141±1 138 143 110 140±1 138 143


K (mmol/L) 110 4.7±0.2 4.2 5.2 110 4.2±0.3 3.6 4.8


Cl (mmol/L) 110 105±1 102 108 110 106±2 102 110


ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALP, alkaline phosphatase; GGT, gamma-glutamyl transpeptidase;
GLU, glucose; BUN, blood urea nitrogen; Crea, creatinine; T-Bili, total bilirubin; T-Chol, total chloesterol;TG, triglyceride; TP, total
protein; Alb, albumin; A/G, albumin/globulin; P, phosphorus, Ca, calcium; Na, sodium; K, potassium; Cl, Chlorde


Table 4. Organ weight of male and female rats


Male Female


N Mean±SD -2S.D +2S.D N Mean±SD -2S.D +2S.D


Body weight (g) 110 550.2 ±57.6 435.1 665.4 110 297.9 ±28.9 240.1 355.6


Brain (g) 110 2.08 ±0.09 1.90 2.25 110 1.90 ±0.09 1.72 2.09


Pituitary (g) 100 0.0128 ±0.0019 0.0090 0.0166 100 0.0155 ±0.0029 0.0097 0.0212


Heart (g) 100 1.52 ±0.14 1.23 1.80 100 0.95 ±0.08 0.78 1.12


Lung (g) 090 1.64 ±0.11 1.42 1.86 090 1.20 ±0.08 1.04 1.36


Liver (g) 110 14.44 ±2.20 10.04 18.84 110 7.37 ±0.87 5.63 9.10


Spleen (g) 100 0.86 ±0.12 0.62 1.09 100 0.52 ±0.07 0.38 0.66


Kidney (g) 110 3.24 ±0.35 2.54 3.95 110 1.86 ±0.20 1.46 2.26


Adrenal (g) 110 0.0614 ±0.0109 0.0395 0.0832 110 0.0660 ±0.0109 0.0443 0.0878


Testis (g) 110 3.42 ±0.30 2.81 4.03 NA NA NA NA NA


Prostate (g) 100 0.64 ±0.16 0.31 0.96 NA NA NA NA NA


Ovary (g) NA NA NA NA NA 110 0.0781 ±0.01305 0.0520 0.1042


Uterus (g) NA NA NA NA NA 90 0.70 ± 0.24 0.23 1.18


NA: Not applicable
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the mean values, indicating individual variations. The


average food intake decreased from week 7 in male rats


and week 8 in female rats. Increased food intake during


growth and decreased food intake during maturation are


associated with changes in metabolism. The tendency


observed in our study is similar to other reports [9].


Urinalysis data are indicators of kidney disease.


Urinalysis is a useful tool for accessing a longitudinal


effect of a test substance by repetitive sampling [10,11].


Urinalysis data are indicators of kidney disease, but they


are frequently affected by stress due to environmental


changes such as oliguria or contamination with feces or


pellets [12,13]. In our study, male rats tended to show


higher positive values than female rats [14,15]. In


addition, the standard deviation of over 30% of the


average urine volume in both genders suggests great


individual differences. Gender differences in urine


protein are reportedly caused by differences in sex


hormones [16,17].


Blood acts as a carrier of food and oxygen to cells,


waste away from cells, and various disease-fighting cells


such as leukocytes. It is also a means of “puncture


proofing” the body: it clots and seals small holes quickly.


Further, it is important for maintaining a constant body


temperature. However, hematological parameters are


frequently affected by collection site, storage method,


fasting period, anesthetics, anticoagulants, and measurement


method [18]. In the current study, the standard deviations


of these parameters at each age were more than 30%,


indicating great individual differences. The analyzed


parameters showed a similar tendency to that previously


reported [19].


Blood chemistry provides specific information about


bodily functions including metabolism, drug absorption,


blood circulation, and fluid balance. However, the


analyzed parameters are frequently affected by collection


site, storage method, fasting period, and anesthetics


[20,21]. In our study, the standard deviations of gamma-


glutamyl transpeptidase, total bilirubin, and triglyceride


levels in male and female rats, and alanine amino-


transferase, aspartate aminotransferase, and alkaline


phosphatase levels in female rats were more than 30% of


the mean values, again suggesting great individual


differences. All blood biochemical parameters tended to


show similar changes to those reported previously [3,9].


The variations in liver-associated enzymatic activity


could be related to enzymatic variations due to age,


gender, and other factors [22,23].


Organ weight is used to determine the effect of a test


substance in toxicity studies. However, this parameter is


frequently affected by trimming method, measurement


time, and measurement sensitivity. In the current study,


the standard deviations of organ weights at each age


were more than 30%, implying great individual differences,


and similar to previously reported findings [3].


Differences in analytical methods as well as


environmental and technique-related variables influence


the obtained parametric values. As the data in this study


were obtained from a single testing facility by using


animals sourced from a single breeder, many of these


variables would have been eliminated or minimized.


Therefore, these historical control data would help to


interpret the effects of test substances in routine toxicity


and efficacy studies.
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