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ABSTRACT

OBJECTIVE: To assess the effect of low and high dose of glycyrrhizin on body
weight, fasting blood sugar level (FBSL), serum insulin and glycemic indices in high
fat dietinduced type 2 diabetic rats.

METHODS: In this experimental study with intervention period of 34 weeks, rats
were grouped into four experimental groups; Group-A: normal control; Group-B:
diabetic control; Group-C: glycyrrhizin-150 and Group-D: glycyrrhizin-300.
Diabetes mellitus was induced in rats by giving high fat diet with injection
dexamethasone. At 32 weeks, body weight, FBSL, serum insulin, Homeostatic
Model Assessment of Insulin Resistance (HOMA-IR), Homeostatic Model
Assessment of beta cells (HOMA-B) and Quantitative Insulin Sensitivity Check
Index (QUICKI) were estimated. Two experimental groups received glycyrrhizin
150 mg/kg and 300 mg/kg per oral per day till completion of 34 weeks in addition to
the high fat diet. At 34 weeks all the parameters were re-estimated.

RESULTS: It was observed that both doses of glycyrrhizin significantly reduced
FBSL and insulin levels in group-C (95.00+8.23 mg/dl, 671.60+55.51 ulU/ml) and
group-D (94.00+6.27 mg/dl, 675.00+44.96 ulU/ml) as compared to group-B
(236.10%13.26 mg/dl, 1052.80+37.82 ulU/ml) [p-value<0.001] at 34 weeks.
HOMA-IR decreased [group-C (157.62+19.39) and group-D (157.03=18.21) vs
group-B (613.79£49.91)] whereas HOMA-B [group-C (2498.23+299.58) and
group-D (2526.24+150.65) vs group-B (1546.87+106.81)] and QUICKI increased
[group-C (0.208+0.00) and group-D (0.208+0.002) vs group-B (0.185+0.001)]
(P-value<0.001). Body weight decreased insignificantly in group-C
(344.00+30.2 1 mg) (P-value>0.05) but significantly in group-D (293.20+42.54) as
compared to group-B (372.00+24.03) [P-value<0.001].

CONCLUSION: Glycyrrhizin effectively improves glycaemic control in rat model
of type 2 diabetes mellitus.
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INTRODUCTION

Diabetes mellitus (DM) is a common
problem affecting approximately
285 million people worldwide.' Diabetes
prevalence is due to over population,
socioeconomic problems, sedentary life
style and obesity. Type 2 diabetes involves
insulin resistance (decreased sensitivity to
insulin) and beta cell dysfunction (relative
insulin deficiency).”

In Pakistan, the prevalence of type 2

diabetes is 16.98% and prediabetes is
10.91%.’ People when diagnosed with
DM are already suffering from diabetic
complications. Lack of education, poverty
and late diagnosis can result in these
complications. Zia A. et al showed that
type 2 diabetic patients were having
macrovascular complications like ischemic
heart disease (28.17%), stroke (8.45%) &
peripheral vascular disease (5.35%) as
well as microvascular complications like
retinopathy (0.56 %) and nephropathy
(0.84%).*
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Main approaches of treatment for
diabetes are diet restrictions, exercise,
oral anti-hypoglycemic agents and insulin.
Multiple oral drugs with hypoglycemic
action are available in market nowadays
however most of them have adverse
effects and patients develop drug
resistance. These include sulfonylureas,
meglitinides, biguanides, []-glucosidase
inhibitors and thiazolidinediones.’

Glycyrrhiza glabra (Licorice or sweet
wood) is a traditional herb that germinates
in different parts of the world.
Traditionally, licorice has been used for the
treatment of respiratory tract problems,
nephrolithiasis, hepatitis C,
dermatological problems, cardiovascular
diseases, diabetes, gastrointestinal ulcers
and gastric pain.’ Studies have reported
the therapeutic effect of glycyrrhizin’ or its
metabolite 18B-glycyrrhetinic acid alone’
or in comparison to glibenclamide’ in
streptozotocin-induced type | diabetic rat
model. Another study has shown that
glycyrrhizin increases insulin sensitivity in
high fat diet induced obese rats."

As most diabetic patients show poor
compliance to medical treatment due to
adverse effects, hence this study was
conducted to determine therapeutic
effect of two different doses of
glycyrrhizin in treatment of diet induced
type 2 diabetic rat model over shorter
duration of time.
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TABLE I: EFFECT OF GLYCYRRHIZIN ON BODY WEIGHT AND FASTING
BLOOD SUGAR LEVEL OF TYPE 2 DIABETIC RATS (N=10)

Body Weight (g) Fasting Blood Sugar Level (mg/dI)

Week 32 Week 34 |Pvalue| Week 32 Week 34 [P value
Group A 249.60+12.20 [258.50+11.38|<0.001| 84.40+6.96 | 87.10+9.04 | 0.081
(normal control)
Group B 355.50+25.09 | 372.00+24.03 [<0.001| 212.00+ 13.97 | 236.10+13.26 |<0.001
(diabetic control)
Group C - 372.00+24.03 | 344.00+30.21 |<0.001| 225.40+ 13.59| 95.00+8.23* |<0.001
(glycyrrhizin 150)
GroupD 385.60+33.55 [293.20+42.544<0.001| 227.60= 17.30| 94.00+6.27* |<0.001
(glycyrrhizin 300)
ANOVA <0.001 <0.001 <0.001 <0.001

* p-value = 0.001 Vs Group B; All values are in Mean=SD

TABLE II: EFFECT OF GLYCYRRHIZIN ON SERUM INSULIN AND
HOMA-IR OF TYPE 2 DIABETIC RATS (N=10)

Serum Insulin (UIU/ML) HOMA-IR

Week 32 Week 34 |Pvalue] Week 32 Week 34 |P value

Group A

628.60+74.18 | 670.00£52.27 | 0.089 | 131.65+23.38|144.30+20.75 | 0.049
(normal control)

Group B 917.60+39.58 |1052.80+37.82|<0.001|479.79+28.74613.79+49.91 |<0.001
(diabetic control)

Group C - 848.90+73.42671.60=55.51%<0.001{ 472.73+52.30 [157.62 19.39%|<0.001
(glycyrrhizin 150)

GroupD 868.60+53.08 675.00+44.96*|<0.001{ 488.22+49.43 [157.03+ 18.21%|<0.001
(glycyrrhizin 300)

ANOVA <0.001 <0.001 <0.001 <0.001

HOMA-| ic Model of Insulin * p-value < 0.001 Vs Group B; All values are in Mean=SD

TABLE Ill: EFFECT OF GLYCYRRHIZIN ON HOMA-B AND QUICKI OF
TYPE 2 DIABETIC RATS (N=10)

share many anatomical and physiological
similarities with humans along with similar
metabolic pathway, ease of breeding, cost
effectiveness and availability of large data
base.”” Sprague- Dawley rats, 3 weeks old
were initially selected. At 32 weeks, rats
developing diabetes (FBSL >126 mg/dl)
were included in the study. Any rat with
any significant sign of disease was
excluded. ELISA Kit for serum insulin
(Glory Science Ltd., USA), Glucose
Oxidase Kit (Randox, UK), Glycyrrhizin
(Creative Diagnostics, USA), Injection
Dexamethasone (MSD, UK) and
Glucometer with strips (Accu-Chek
Performa®) were used as testing
materials. Beef fat and normal rat chow
was purchased from Tollinton market
whereas sucrose was purchased from
general grocery store. Rats were bought
from University of Health Sciences,
Lahore and kept in the animal house
facility of PGMI, Lahore in specialized iron
cages. Room temperature was set at
25+2°C and hygienic environment was
maintained. They were provided free
access to rat chow and water and one
week was provided to them for
acclimatization.

After acclimatization (4 weeks of age) rats
in Group A received normal rat chow
whereas rats in Group B, C and D were
fed on high fat and sucrose diet which was
composed of 30% of beef fat, 10% of
sucrose and 60% of normal rat chow.”

HOMA-B* QUICKF* After 30 weeks of high fat feeding, inj.
Week32 | Week34 [Pvalu] Week32 | Week34 [Pvalie|  oox@methasone0.25 mg/g/day was given
G A subcutaneously for two weeks along with
roup 261.83£27337 | 2730,03+335.58| 0.275 | 0.21120.003 | 0.210+0.002 | 0.041 high fat diet. At 32 weeks rats with FBSL >
(normal control) 126 mg/dl were considered as diabetic
G B dincluded in the study.
df°;'p, | 1502751403 | 15468710681 | 0.171 | 0.1890.001 | 0.1850.001 |<0.00i andincucecinthestcy
(G|a etl(c: control) Rats were divided into four experimental
N 129658+ 137.70 [2498.23+299.56¢|<0.001| 0.189+0.001 | 0.208+0.00* [<0.001| ~ groups named as normal control (Group
(glycyrrhizin 150) A), diabetic control (Group B),
Group D glycyrrhizin 150 (Group C) and
(glycyrrhizin 300) 1318.40+137.07 |2526.24+150.65%<0.001| 0.188+0.001 |0.208+0.002* {<0.00I glycyrrhizin 300 (Group D) respectively.
ANOVA <0001 <0001 <0.00] <0.001 Group A was given normal diet
Model of beta cells; $ Q Insulin Sensitivity Check Index,* P value < 0.001 Vs Group B; All values are in Mean+SD throughOUt the StUdy perIOd' At 32 WeekS
distilled water 3ml/ kg was given by oral
METHODS study and 5% level of significance. Simple route daily as a single morning dose. for
random sampling using balloting method next 2 wgeks. Group B, Cand D recel'ved
This was an experimental study conducted was used for division of rats into 4 groups high fat diet thrc?ughout Fhe StUd)f I?e”?‘i
at Post-Graduate Medical Institute (A-D). Sample size calculated was six At 30 weeks, high fat diet plus injection
(PGMI), Lahore after approval from animals in each group but considering the dexamethason e 0.25 mg {Sk g
institutional ethical committee. Duration number of animals in similar studies, it was subcutaneously once daily was given. At
of intervention was 34 weeks. Sample size decided to take 10 animals in each group. 32 weeks, Group B received d|st.|IIed
was calculated by taking mean+ SD of Taking into account mortality during long water .3.m|/kg, Group C received
fasting blood sugar level (FBSL) of diabetic study period and failure of induction of glycyrrhlzm I50mg/§nj1|/kg and Group D
control and glycyrrhizin treated rats" diabetes, initially 18 rats were taken in recelvgd glycyrrhizin 309mg/3m|/kg
using formula for calculation of two each group. Sprague Dawley rats were respef:tlvely by oral route daily as a single
independent samples at 90% power of selected as an experimental animal as they morning dose.
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Blood glucose was measured every week
after overnight fasting of 12 hours using a
glucometer. Blood was taken from tail
vein. At 32 and 34 weeks, blood samples
were taken by cardiac puncture, after 12
hour overnight fast. Blood was coagulated
at room temperature for 10-20 min.
Samples were centrifuged for 20 minutes
at room temperature at a speed of 2000-
3000 revolutions per minute. Serum was
then separated and stored at -20 °C. This
serum was used for estimation of fasting
blood sugar level by glucose oxidase
method and serum insulin level by enzyme
linked immunosorbent assay (ELISA) kit.

Body weight was measured using
analytical balance weekly. Figure | shows
the body weight of animals in four groups
over period of experiment.

Homeostatic Model Assessment of Insulin
Resistance (HOMA-IR) and Homeostatic
Model Assessment of beta cells (HOMA-
B) were calculated with values of FBSL and
fasting serum insulin using formulae by
Song." Quantitative insulin sensitivity
check index (QUICKI) was calculated
taking log of FBSL and fasting serum insulin
using formula by Yokoyama."

SPSS 23 was used to enter and analyze
data. Quantitative variables like body
weight, fasting blood sugar level, insulin,
HOMA-IR, HOMA-B, QUICKI were given
as Mean*SD. Comparison between
groups was done by One way ANOVA.
Graph pad prism version 6 was used to
develop bar diagrams and line graphs to
exhibit the difference between four
groups and values trends. To observe
which group mean differs, Post hoc
Tukey's test was applied. To analyze the
difference within a group, t-test was
applied. P-value of < 0.05 was considered
as significant.

RESULTS

Initially 72 rats were taken and those were
grouped into 4 groups. During
acclimatization, two rats in normal control
and one in each high fat diet group died. At
32 weeks, |2 rats in group B and 10 rats
each in group C and D became diabetic.
For statistical analysis, 10 rats were
included in each group.

Body weight as measured every week is
shown in Figure |. As shown in Table |, in
group A and B, body weight increased
significantly while both in group C and D,
body weight decreased and this decrease
was highly significant. Comparison

between groups at 32 and 34 weeks by
ANOVA revealed significant difference.
Difference between group C and D at 34
week was insignificant.

Fasting blood sugar level increased in
groups taking high fat diet but not in the
diabetic range upto 30 weeks. After inj.
dexamethasone, most of the rats became
diabetic at 34 weeks. Mean=+SD of fasting
blood sugar levels at 32 and 34 week as
measured by oxidase method are given in
Table I. As shown in Table |, in group A,
blood sugar level increased insignificantly.
In group B, blood sugar level increased
significantly while both in group C and D,
level decreased and this decrease was
highly significant. Comparison between
groups at 32 and 34 weeks by ANOVA
revealed significant difference. Difference
between group C and D at 34 week was
insignificant.

As shown in Table Il, in group A, serum
insulin level increased insignificantly. In
group B, serum insulin level increased
significantly while both in group C and D,
level decreased and this decrease was
highly significant. Comparison between
groups at 32 and 34 weeks by ANOVA
revealed significant difference. Difference
between group C and D at 34 week was
insignificant.

As shown in Table I, in group A, the
increase in HOMA IR was marginally
significant. In group B, HOMA IR value
increased highly significantly while both in
groups C and D, value decreased and this
decrease was highly significant.
Comparison between groups at 32 and 34
weeks by ANOVA revealed significant
difference. Difference between group C
and D at 34 week was insignificant.

As shown in Table lll, in group A, HOMA-8
value increased insignificantly. In group B,

200 300 400 500
M " " "

100
M

Body weight(g)

HOMA-( value increased insignificantly
while both in Group C and D, value
increased and this increase was highly
significant. Comparison between groups
at 32 and 34 weeks by ANOVA revealed
significant difference. Difference between
group C and D at 34 week was
insignificant.

As shown in Table lll, in group A, QUICKI
value decreased. In group B, QUICKI
value decreased highly significantly while
both in group C and D, it increased and
this increase was highly significant.
Comparison between groups at 32 and 34
weeks by ANOVA revealed significant
difference. Difference between group C
and D at 34 week was insignificant.

DISCUSSION

This study was conducted to see the dose
dependent effect of glycyrrhizin on type 2
diabetes mellitus in a rat model. Previously
effect of glycyrrhizin was studied on type 2
diabetes models which were induced
chemically or genetically. At present, type
2 diabetes is caused mainly by sedentary
life style and unhealthy dietary changes
hence our model was diet induced to
resemble closely to type 2 diabetes
mellitus which is prevalent nowadays.

It was deduced from the results that
glycyrrhizin in both doses of 150 mg and
300 mg is beneficial in lowering BSL. Both
doses of glycyrrhizin were effective in
decreasing insulin resistance and
increasing beta cell function. However, no
significant difference among the results of
the two doses of glycyrrhizin was
observed on most of parameters but
higher dose (300mg/kg) was more
effective in lowering body weight.

In the present study, body weight of both

Normal control(A)

Diabetic Control(B)
Glycyrrhizin 150(C)
Glycyrrhizin 300(D)

——
—-—
—
—

N A I U I S AU R S R AP

Weeks

Figure |: Body weight (grams) of animals in four groups over period
of experiment
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experimental groups receiving 150 mg
glycyrrhizin and 300 mg glycyrrhizin
decreased with p value < 0.001 each. This
is similar to human study in which they
gave 3.5 gram licorice per day to |5
individuals for 2 months and found that
their body fat mass decreased significantly
with pvalue < 0.02."

Fasting BSL decreased significantly in both
experimental groups with p value < 0.001
each. This is similar to the studies where
fasting BSL was significantly reduced by
herbal mixture containing glycyrrhizin
300mg/kg in high fat diet induced obese
rats with p value < 0.05.” In another
study, 50 mg/kg intra-peritoneal
administration of glycyrrhizin for one
week exhibited the similar reduction in
BSL of fructose induced type 2 diabetic
rats with pvalue < 0.01.”

Fasting insulin deceased significantly by
both doses glycyrrhizin in experimental
groups with p value < 0.001 each. This is
similar to study in which 100 mg/kg of
glycyrrhizic acid was administered per
orally to high fat diet induced obese rats
for 28 days and it was found that serum
insulin decreased with p value < 0.05."
Similar results were found by
administrating 50 mg/kg of glycyrrhizin
intraperitoneally for one week with p
value < 0.01.”

HOMA-IR represents the level of insulin
resistance produced by hyperglycemia. It
shows good correlation to glycemic
clamp.z‘ When HOMA-IR was estimated,
it was found to be significantly decreased
by 150 mg and 300 mg of glycyrrhizin.
Comparable results were found by study
done on type 2 diabetic rats by giving
glycyrrhizin 100mg/kg for 24 hours per
orally with p value of < 0.05.” Intra-
peritoneal administration of glycyrrhizin
50mg/kg for one week on male Wistar rats
in another study showed the similar
results.”” Chinese poly herbal formula
containing glycyrrhizin given for 60 days to
Wistar rats” decreased HOMA-IR with p
value < 0.0land this is comparable with
the use of both doses of glycyrrhizin in our
experimental groups with P value < 0.001
each.

HOMA-B represents the beta cell
function. Low HOMA- value shows
increase prevalence of type 2 diabetes.In
our study, on estimation of HOMA-B, it
was found that both doses of glycyrrhizin
increased beta cell function significantly
with p value < 0.001 each. Jiang Tang Fang
Long Formula given at 30g/kg/d for 60

days” increased HOMA-B with p value <
0.01.

QUICKI (quantitative insulin sensitivity
check index) is simple and genuine
method to determine insulin sensitivity by
using fasting glucose and fasting insulin.”
Higher the QUICKI, higher the insulin
sensitivity and lower the risk of diabetes
mellitus. On estimating QUICKI, it was
found to be increased significantly in both
experimental groups as compared to
diabetic control with p value < 0.00l
each.

Probable mechanism in improvement of
insulin resistance is by increasing
expression of GLUT 4and PPARy.”

Limitations of the study are as under:

*  Mechanism of action of glycyrrhizin
was not determined by us due to lack
of facility and we took the reference
fromanother article.

Glycyrrhizin increases blood pressure
but we used the dose which does not
increase blood pressure. It was
desirable to check blood pressure but
because of lack of facility, it was not
done.

CONCLUSION AND
RECOMMENDATIONS

It was observed that both doses of
glycyrrhizin i.e.150mg and 300mg
significantly reduced fasting blood sugar
level and serum insulin. HOMA IR
decreased whereas HOMA-B and
QUICKI increased. Body weight
decreased insignificantly by glycyrrhizin
150mg/kg but significantly with
glycyrrhizin 300mg/kg.

It is concluded that glycyrrhizin has anti-
hyperglycemic effectin diet induced type 2
diabetic rat model which is not dose
dependent and smaller doses are
recommended for future studies. In
future, the role of glycyrrhizin can also be
assessed for prevention of type 2 diabetes.
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