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Abstract : This study was to determine whether blue honeysuckle lyophilized concentrated powder (BH) has positive
effects on hypothyroidism and related liver damage in propylthiouracil-induced Hypothyroidism. Levothyroxine (LT4)-
treated group was administrated by intraperitoneal injection with LT4, while BH or Flos Lonicerae lyophilized aqueous
extract (LF)-treated groups were orally administrated for 42 days which two weeks pri or to PTU injection. The changes
in organ weight, serum AST & ALT, serum lipid level, liver defense system were measured and the histopathology
of the liver was observed. The oral administrations of 125, 250, and 500 mg/kg of BH showed favorable effects
compared to LF on hypothyroidism-related liver damages through the enhance antioxidant defense system.
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Introduction

Hypothyroidism is estimated to affect 2.0-5.0% of the glo-
bal population; subclinical hypothyroidism is estimated to occur
in 4.0-8.5%. The rates of hypothyroidism were increased with
aging, and subclinical hypothyroidism in older women was
estimated as 21% (2,3).

Blue honeysuckle (Lonicera caerulea L., Caprifoliaceae)
is a member of Caprifoliaceae family, widely harvested in
Russia, China, and Japan. Berries are known to have phe-
nolic-rich compounds which include biphenyls, flavonoids ad
phenolic acids. It is widely known that berry phenolics exhibit
antioxidant properties (1).

The positive effects of anthocyanins and polyphenolics on
various chronic diseases such as coronary heart disease, can-
cer, arthritis and age-related hormonal imbalances are reported
to be associated with their antioxidant properties (4,10).

The purpose of this study was to evaluate blue honeysuckle
lyophilized concentrated powder (BH) has positive effects on
hypothyroidism and related liver damage in propylthiouracil-
induced Hypothyroidism.

Materials and Methods

Animals

Fifty-six specific-pathogen-free (SPF), VAF outbred male,
Crl:CD (Sprague-Dawley, SD) rats (6-weeks-old upon receipt;
Orient Bio, Seungnam, Korea) were used. All experimental
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procedures were approved by the Institutional Animal Care
and Use Committee in Daegu Haany University.

Preparations of test substances

A solution of concentrated blue honeysuckle was supplied
by H&K Bioscience Co., Ltd. (Seoul, Korea). BH was pre-
pared as following; 200 g of 63°Bx concentrated blue honey-
suckle solution was diluted to 25°Bx using distilled water.
Then, completely lyophilized with freeze dryer (Operon FDB-
5503, Kimpo, Korea). Total volume of 124.4 g (yield = 62.2%)
of BH was obtained. Lonicerae Flos harvested in China, was
purchased from a local herb shop (Omniherb, Yeoungcheon,
Korea). A total of 500 g dried Lonicerae Flos was boiled in
5,000 ml of distilled water for 3 h and brew three times at
60°C, evaporated using an automated flask evaporator (Eyela
N-1110, Tokyo, Japan), and completely lyophilized. Total 119.0
g (yield =23.8%) of LF was obtained. BH and LF were
stored at —20°C before use. LT4 (Sigma-Aldrich, St. Louise,
MO, USA) was used as a positive control material.

Induction of hypothyroidism

Hypothyroidism and related liver damages were induced
by daily subcutaneous application of PTU 10 mg/kg for 28
days as 1 ml/kg dissolved formula in saline. PTU treatment
was initiated from two weeks after the first BH or LF oral
administration and the day of the first LT4 treatment. All test
materials were then treated in case of simultaneously treated
days, respectively. In intact control group, only saline was
subcutaneously administered in a volume of 1 ml/kg.

Experimental groups
Experimental groups were divided to seven groups (n = 8)



Hepatoprotective Effect of Blue Honeysuckle on Rat Hypothyroidism 405

1. Intact control: Saline treated instead of propylthiouracil
(PTU) and distilled water orally administered to rats

2. PTU control: PTU (10 mg/kg) subcutaneously adminis-
tered and distilled water orally administered to rats

3. LT4: PTU subcutaneously administered and LT4 0.5 mg/
kg intraperitoneally treated to rats

4. LF 250: PTU subcutaneously administered and LF 250
mg/kg orally administered to rats

5. BH 500: PTU subcutaneously administered and BH 500
mg/kg orally administered to rats

6. BH 250: PTU subcutaneously administered and BH 250
mg/kg orally administered to rats

7. BH 125: PTU subcutaneously administered and BH 125
mg/kg orally administered to rats

Blood collection and serum separation

At 42 days after treatment, about 6 ml of blood was sam-
pled from vena cava in each rat, and collected bloods were
collected in clotting-activated serum tubes. After clotting,
they were centrifuged at 3,000 rpm for 10 min at 4°C to sep-
arate the serum. These samples were stored in an ultra-deep
freezer (Sanyo, Tokyo, Japan) under —150°C before analysis.

Serum biochemistry

Serum AST, ALT, TC and TG levels were measured using
automated blood analyzer (Hemagen Analyst, Hemagen Diag-
nostic, Columbia, MD, USA), and serum HDL and LDL were
also detected by other typed using automated blood analyzer
(AU400, Olympus, Tokyo, Japan), respectively.

Lipid peroxidation and antioxidant defense systems

The malondialdehyde (MDA) contents for lipid peroxida-
tion, H,0,, contents, CAT and SOD enzyme activities in rat
hepatic tissues were assessed, respectively. Separated hepatic
tissues were weighed and homogenized in ice-cold 0.01 M
Tris-HCI (pH 7.4), and then centrifugated, at 800 g for 10
min and then mitochondria fractions were separated by again
centrifugated, at 12,000 g for 15 min of supernatants. Total
amounts of protein were measured using bovine serum albu-
min Invitrogen, Carlsbad, CA, USA) as internal standard. The
concentrations of hepatic lipid peroxidation were determined
by estimating MDA using the thiobarbituric acid test at
absorbance 525 nm, as nM of MDA/mg protein. Hepatic con-
tents of H,O, were spectrophotometrically (OPTIZEN POP,
Mecasys, Daejeon, Korea) detected using horseradish perox-
idase (Sigma-Aldrich, St. Louise, MO, USA) and phenol red
(Wako, Osaka, Japan) as nM/mg protein. Decomposition of
H,0, in the presence of CAT was followed at 240 nm. CAT
activity was defined as the amount of enzyme required to
decompose 1 nM of H,O, per minute, at 25°C and pH 7.8.
Results were expressed as U/mg protein. Measurements of
SOD activities were made. SOD estimation was based on the
generation of superoxide radicals produced by xanthine and
xanthine oxidase, which react with nitrotetrazolium blue to
form formazan dye. SOD activity was then measured at 560
nm by the degree of inhibition of this reaction, and was
expressed as U/mg protein. One unit of SOD enzymatic activ-
ity is equal to the amount of enzyme that diminishes the initial
absorbance of nitroblue tetrazolium by 50% during 1 min.

Histopathology

After measuring of organ weights, Left lateral lobes of
liver were sampled and then crossly trimmed and fixed in 10%
neutral buffered formalin after measuring of organ weights.
Paraffin embedded samples were prepared as 3-4 um serial
sections, and stained with hematoxylin and eosin (H&E) for
microscopic examination. The changes on the hepatocyte num-
bers were observed in a restricted view field of liver (nuclei
numbers/mm?)

Statistical analyses

Measured values were expressed as mean + SD. Kruskal-
Wallis H test followed by the Mann-Whitney U (MW) test
was conducted to determine the significant differences with
SPSS program (Release 14.0K, SPSS Inc., USA).

Results

Effects on the thyroid gland weights

Significant (p <0.01) increases of absolute thyroid gland
weights were detected in PTU control as compared with
intact control, related to noticeable hypertrophic changes of
thyroid glands at gross inspections. However, these increases
of thyroid gland weights were significantly (p <0.01) inhib-
ited by treatment of all test substances including LT4 0.5 mg/
kg, intraperitoneally, in the both absolute weights, respec-
tively. Especially, BH 500 and 250 mg/kg treated rats also
showed significant (p <0.01) decreases of the absolute thyroid
gland weights as compared with LF 250 mg/kg treated rats,
respectively. BH 125 mg/kg treated rats also showed non-sig-
nificant decreases of the thyroid gland weights as compared
with those of LF 250 mg/kg treated rats, in this experiment

Table 1. Changes on Absolute Organ Weights in Intact and
PTU-induced Hypothyroid Rats

Absolute organ weights (g)

Groups
Thyroid gland Liver

Controls

Intact 0.012+0.003 12.228 + 1.049

PTU 0.035 +0.004* 6.961 +0.393°
Reference

LT4 0.5 mg/kg 0.012 +0.003° 10.833 £ 0.589<

LF 250 mg/kg 0.026 £ 0.004* 7.994 + 0.232¢
BH treated

500 mg/kg 0.018 + 0.004"¢ 9.334 £ 0.574™

250 mg/kg 0.020 £ 0.005™ 9.026 £ 0.506°™

125 mg/kg 0.024 £ 0.006* 8.342 + 0.804°"

Values are expressed as Mean + SD. PTU = Propylthiouracil, 6-n-
propyl-2-thiouracil; LT4 = Levothyroxine; LF =Flos Lonicerae
lyophilized aqueous extracts; BH = Blue honeysuckle concentrated
and lyophilized powder. a p <0.01 as compared with intact control
by LSD test, b p<0.01 and ¢ p <0.05 as compared with PTU con-
trol by LSD test, d p<0.01 and e p <0.05 as compared with LF
250 mg/kg by LSD test, f p<0.01 and g p<0.05 as compared
with intact control by MW test, h p <0.01 and i p <0.05 as com-
pared with PTU control by MW test, j p<0.01 and k p<0.05 as
compared with LF 250 mg/kg by MW test.



406 Woo-Yeol Lee, Seong-Joon Yi, Sungho Yun, Tae-Ho Oh, Hong-Tae Kim, Mee-Kyung Lim and Keun-Woo Lee

Table 2. Changes on the Liver Lipid Peroxidation and Antioxidant Defense Systems in Intact and PTU-induced Hypothyroid Rats

Lipid peroxidation

Antioxidant defense system

Groups Malondialdehyde H,0, SOD Catalase
(nM/mg protein) (nM/mg protein) (U/mg protein) (U/mg protein)

Controls

Intact 3.15+0.35 118.63 +28.18 5425+ 11.72 368.75 + 112.57

PTU 2.83+0.70 254.88 £35.46 98.13 £ 19.56* 143.25+£20.91°
Reference

LT4 0.5 mg/kg 2.89+0.74 113.75+37.27° 58.75+16.03" 230.63 + 38.92%

LF 250 mg/kg 2.82+1.02 184.63 +31.64® 73.25+ 13.61* 182.38 £ 16.66
BH treated

500 mg/kg 2.72+0.68 117.38 + 20.06" 51.25+ 10.55% 274.00 + 32.18¢e

250 mg/kg 2.84+0.78 135.88 +£22.43% 54.50 + 11.64% 237.50 + 37.95%"

125 mg/kg 2.81+0.73 167.13 +£27.26® 65.13 + 12.23° 190.88 £31.19¢

Values are expressed as Mean =+ SD. PTU = Propylthiouracil, 6-n-propyl-2-thiouracil; LT4 = Levothyroxine; LF =Flos Lonicerae lyo-
philized aqueous extracts; BH = Blue honeysuckle concentrated and lyophilized powder. a p <0.01 as compared with intact control by LSD
test, b p<0.01 and ¢ p <0.05 as compared with PTU control by LSD test, d p<0.01 and e p <0.05 as compared with LF 250 mg/kg by
LSD test, f p<0.01 and g p <0.05 as compared with intact control by MW test, h p <0.01 and i p <0.05 as compared with PTU control by
MW test, j p<0.01 and k p <0.05 as compared with LF 250 mg/kg by MW test.

(Table 1).

Effects on the liver weights

Significant (p <0.01) decreases of absolute hepatic weights
were detected in PTU control as compared with intact con-
trol, but these decreases of liver weights were significantly
(p <0.01 or p<0.05) inhibited by treatment of LT4, LF 250
mg/kg, BH 500, 250 and 125 mg/kg, in the both absolute
weights, respectively. Especially, BH 500 and 250 mg/kg
treated rats also showed significant (p <0.01 or p <0.05) in-
creases of the absolute liver weights as compared with LF
250 mg/kg treated rats, respectively. BH 125 mg/kg treated
rats also showed marked increases of the hepatic weights as
compared with those of LF 250 mg/kg treated rats without
significances, in this experiment (Table 1).

Effects on the liver lipid peroxidation and antioxidant
defense systems

Although slight and non-significant decreases of liver lipid
peroxidation, the slight reduction of hepatic MDA contents
were demonstrated in PTU control rats, significant (p <0.01)
increases of hepatic H,0O, contents and SOD activities and
more profound decreases of CAT activities were detected in
PTU control as compared with intact control, respectively.
However, these PTU treatment related abnormal changes on
the hepatic antioxidant defense systems were significantly (p
<0.01) normalized by treatment of LT4, LF 250 mg/kg and
all three different dosages of BH, 500, 250 and 125 mg/kg,
respectively. Especially, BH 500 and 250 mg/kg treated rats
also showed significant (p <0.01 or p <0.05) decreases of
hepatic H,O, contents and SOD activities and increases of
CAT activities as compared with LF 250 mg/kg treated rats,
respectively. BH 125 mg/kg treated rats also showed non-sig-
nificant decreases of hepatic H,O, contents and SOD activi-
ties and increases of CAT activities as compared with those
of LF 250 mg/kg treated rats in this experiment (Table 2).
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Fig 1. Serum AST and ALT Levels in Intact and PTU-induced
Hypothyroid Rats. Values are expressed as Mean + SD.

Effects on the serum AST and ALT levels

Significant (p <0.01) increases of serum AST levels were
detected in PTU control as compared with intact control, but
these PTU treatment related serum AST elevations were sig-
nificantly (p <0.01) inhibited by treatment of LT4, LF 250
mg/kg and all three different dosages of BH, 500, 250 and
125 mg/kg, respectively. Especially, BH 500 and 250 mg/kg
treated rats also showed significant (p <0.01) decreases of
serum AST levels as compared with LF 250 mg/kg treated
rats, respectively. BH 125 mg/kg treated rats also showed non-
significant decreases of serum AST levels as compared with
those of LF 250 mg/kg treated rats. In this experiment, PTU
treatment did not influenced on the serum ALT levels except
for slight non-significant increases, and no significant changes
on the serum ALT levels were noticed in all test substance
treated rats as compared with PTU control rats (Fig 1).

Effects on the serum lipid levels

Significant (p <0.01) increases of serum HDL levels and
decreases of serum TG levels were detected in PTU control
as compared with intact control, but these PTU treatment
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Table 3. Changes on the Serum Lipid Levels in Intact and PTU-induced Hypothyroid Rats
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Serum lipid levels (mg/dl)

Groups
Total cholesterol LDL HDL Triglyceride
Controls
Intact 58.75+£12.49 16.73 £2.86 22.32+4.97 94.35+£11.20
PTU 58.75+£12.49 1740+ 1.77 66.01 = 14.75° 37.35+891°
Reference
LT4 0.5 mg/kg 66.48 = 10.60 16.55+2.23 29.63 £ 11.26° 81.89 + 12.74°
LF 250 mg/kg 62.53£12.38 16.88 £ 1.50 43.60 = 8.56" 56.19 + 11.37*®
BH treated
500 mg/kg 61.43+£9.95 16.21 £1.51 27.55+4.23" 86.80 + 16.55™
250 mg/kg 59.39+13.96 16.50 £2.23 31.99 + 7.85% 74.35 + 12.64%
125 mg/kg 62.68 =12.90 16.90 +1.23 41.76 £ 12.75% 62.86 £ 13.54™

Values are expressed as Mean = SD. PTU = Propylthiouracil, 6-n-propyl-2-thiouracil; LT4 = Levothyroxine; LF = Flos Lonicerae lyophilized
aqueous extracts; BH = Blue honeysuckle concentrated and lyophilized powder. a p <0.01 as compared with intact control by LSD test, b
p<0.01 and ¢ p <0.05 as compared with PTU control by LSD test, d p <0.01 and e p <0.05 as compared with LF 250 mg/kg by LSD test.

related abnormal changes on the serum HDL and TG levels
were significantly (p <0.01) normalized by treatment of LT4,
LF 250 mg/kg and all three different dosages of BH, 500,
250 and 125 mg/kg, respectively. Especially, BH 500 and 250
mg/kg treated rats also showed significant (p <0.01 or p<
0.05) decreases of serum HDL levels and increases of TG
levels as compared with LF 250 mg/kg treated rats, respec-
tively. BH 125 mg/kg treated rats also showed noticeable
decreases of serum HDL levels and increases of TG levels as
compared with those of LF 250 mg/kg treated rats without
significances. In this experiment, PTU treatment did not
influenced on the serum TC and LDL levels, and no signifi-
cant changes on the serum TC and LDL levels were noticed
in all test substance treated rats as compared with PTU con-
trol rats (Table 3).

Effects on the hepatic tissue histopathology

Dramatic hepatocyte swellings due to noticeable lipid
droplet depositions were demonstrated in PTU control rats,
and accordingly, liver cell numbers were significant (p <
0.01) decreases in PTU control rats as compared with intact

Table 4. Changes on the Histopathology-Histomorphometry of
the Liver in Intact and PTU-induced Hypothyroid Rats

Items Liver
Groups Cell numbers (nuclei/mm?)

Controls

Intact 1314.38 £253.53

PTU 609.38 + 136.74
Reference

LT4 0.5 mg/kg 855.63 + 108.24™

LF 250 mg/kg 742.50 +37.11°
BH treated

500 mg/kg 983.38 + 107.84'%"

250 mg/kg 908.38 + 86.521"

125 mg/kg 805.88 + 107.04"

control rats at histomorphometrical analysis. However, these
PTU treatment-related abnormal hepatic histopathological
changes, the decreases of liver cell numbers were markedly
normalized by treatment of LT4, LF 250 mg/kg and all three
different dosages of BH, 500, 250 and 125 mg/kg, respec-
tively. Especially, BH 500 and 250 mg/kg treated rats also
showed significant (p <0.01) increases of liver cell numbers
as compared with LF 250 mg/kg treated rats, respectively. BH
125 mg/kg treated rats also showed non-significant increases
of liver cell numbers as compared with those of LF 250 mg/
kg treated rats, in this experiment (Table 4, Fig 2).

Discussion

Hypothyroidisms induce various organ damages especially,
on the liver (7). Blue honeysuckle (honeyberry) is a fruit of
Lonicera caerulea var. edulis, and it has been showed vari-
ous favorable pharmacological effects including hepatopro-
tective effects (15), modulation of lipid and glucose metab-
olisms, anti-inflammatory effects, through potent anti-oxidative
effects (1).

It has been well established that thyroid hormone affects
blood lipid concentration, hepatic metabolism and cholesterol
synthesis (2). Common abnormalities of lipoprotein metabo-
lism associated with hypothyroidism are elevated levels of
TC and LDL, and these elevated TC and LDL can be
induced the lethal cardiovascular disorders as side effects of
hypothyroidism (4a). These abnormal blood lipid concentra-
tion and increases of the risk of cardiovascular disorders in
hypothyroidism, ameliorated by treatment of LT4 (2). How-
ever, various changes on the serum lipid levels have been
induced depend upon the status of thyroid hormone levels -
degrees and time of hypothyroidism with existences of com-
plications, and especially, they were also directly related to
body antioxidant defense system (11,12). In the present study,
PTU treatment did not influenced on the serum TC and LDL
but induced noticeable and significant elevations of the
serum HDL and decreases of TG levels, respectively. How-
ever, these PTU treatment-related abnormal changes on the
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Fig 2. Representative Histological Images of the Liver, Taken
from Intact and PTU-induced Hypothyroid Rats. A = Intact con-
trol rats, B=PTU control rats, C =LT4 0.5 mg/kg treated rats,
D =LF 250 mg/kg treated rats, E = BH 500 mg/kg treated rats,
F =BH 250 mg/kg treated rats, G = BH 125 mg/kg treated rats.
CV = Central vein, PT = Portal Triad. Scale bars = 120 um.

serum HDL and TG levels were significantly normalized by
treatment of LT4, LF 250 mg/kg and all three different dos-
ages of BH, 500, 250 and 125 mg/kg, respectively. These
normalization of serum HDL and TG levels are considered as
secondary changes from thyroid protective effects, re-stor-
age of thyroid hormones and related normalization of liver
metabolisms by treatment of test substances. Especially, BH
500 and 250 mg/kg treated rats also showed significant de-
creases of the serum HDL levels and increases of serum TG
levels as compared with LF 250 mg/kg treated rats. In addi-
tion, BH 125 mg/kg treated rats also showed more favorable
inhibitory effects on the PTU-induced serum HDL and TG
level changes as compared with those of LF 250 mg/kg treated
rats, without significances. These results are considered as
direct evidences that BH can be ameliorated the PTU-induced
serum lipid changes, at least 125 mg/kg dose levels in this
study, more favorably than those of equal dosage of LF. In
this experiment, no significant changes on the serum TC and
LDL levels were noticed in all test substance treated rats as
compared with PTU control rats, respectively.

Liver is a major target organ for thyroid hormone with
important biological and medical implications (7), liver dam-
ages accompanied with hypothyroidism (3). Clinical diagno-
sis of disease and damage to the structural integrity of liver is
commonly assessed by monitoring the status of serum AST
and ALT activities (3). Higher activities of these enzymes in
serum have been found in response to oxidative stress induced
by hyperthyroidism (2), and increased serum levels of AST
and ALT have also been observed in about 30% of hyperthy-
roid patients treated with PTU (6). Anyway, some research-
ers indicated the elevation of serum AST levels without
serum ALT level changes in PTU treated rats, and it also
have been reported that decreases of live cell numbers were
induced by PTU treatment, related to micro-architectural
hypertrophy of hepatocytes (11,12), and also in the present
study; PTU treatment augmented the serum AST levels with
unaltered ALT levels, and decreases of live cell counts. How-
ever, these PTU treatment related abnormal changes on the
serum AST levels and hepatic histopathological inspections
were significantly inhibited by treatment of LT4, LF 250 mg/
kg and all three different dosages of BH, 500, 250 and 125
mg/kg, and especially, BH 250 and 500 mg/kg treated rats
also showed significant and more favorable hepatoprotective
effects as compared with LF 250 mg/kg treated rats, and also
markedly in BH 125 mg/kg treated rats without significan-
ces, suggesting 125, 250 and 500 mg/kg of BH showed favor-
able hepatoprotective effects on PTU-induced hypothyroidism
related liver damages, dose-dependently and more favorably
than those of equal dosage of LF in this experiment. Earlier,
it also reported that disorder of body antioxidant defense sys-
tems were also involved in liver damages in hypothyroidisms
(1,11,12); hypothyroidism induced decreases of basic body
metabolisms and internal respirations, and then inhibit the
lipid peroxidation and slightly increased the endogenous anti-
oxidant enzymes, SOD activities with more profound de-
creases of another endogenous antioxidant enzymes, SOD
activities and intracellular deposition of harmful ROS, the
H,0, in hepatic tissues. Since hypothyroidisms and related
organ damages have been ameliorated by treatment of potent
antioxidants (1,11,12), many efforts have been trials to find
the potent and less toxic natural origin antioxidants, can be
applied to refined or treat the hypothyroidisms (1). BH also
has been showed various organ protective effects through
augment of body antioxidant defense systems (1), and pow-
erful free radical scavenger effects of betaine, detected in this
study as specific ingredient of BH, for the first time, upon
our knowledge, also have been well-documented by other re-
searchers. In the present study, significant increases of hepatic
H,0, contents and SOD activities and more profound de-
creases of CAT activities in mitochondria fractions were
detected in PTU control, did not accompanied the noticeable
changes on the liver lipid peroxidation, well corresponded to
the previous studies (1,11,12), respectively. However, these
PTU treatment-related abnormal changes on the hepatic anti-
oxidant defense systems were significantly normalized by
treatment of LT4, LF 250 mg/kg and all three different dos-
ages of BH, 500, 250 and 125 mg/kg, respectively. Especially,
BH 500 and 250 mg/kg treated rats also showed significant
decreases of hepatic H,O, contents and SOD activities and
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increases of CAT activities as compared with LF 250 mg/kg
treated rats, and also non-significantly in BH 125 mg/kg
treated rats.

Conclusion

The results obtained in this study suggest that oral admin-
istration of 125, 250 and 500 mg/kg of BH showed favor-
able effects on the hypothyroidism and related liver damages
through enhance antioxidant defense system in liver, more
favorably than those of equal dosage of LF. All three differ-
ent dosages of BH treated rats showed dose-dependent favor-
able inhibitory effects on the PTU-induced hypothyroidism
and related hepatic damages in this experiment.
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