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A B S T R A C T

Gemfibrozil is a well-known potent antihyperlipidemic drug with the capacity to lower triglyceride and choles-
terol levels, which are responsible for most cardiovascular and cerebrovascular diseases. In addition, gemfibrozil
has a potent activity at elevating the high density lipoprotein levels. However, this drug has a very short half-life
of about 2 h and toxicity is observed in the liver as the dose increases. The drug piperine has the capacity to
enhance the bioavailability of other drugs without altering their basic properties as well as improving their ac-
tivity. In this study, we aimed to enhance the bioavailability of gemfibrozil as well as making it more potent and
less toxic by applying piperine as a bio-enhancer. Thus, piperine was co-administered to rats with gemfibrozil and
the antihyperlipidemic activity was tested when fed on a high fat diet. The results showed that co-administration
of gemfibrozil with piperine decreased the elevated triglyceride and cholesterol levels to normal, and they per-
formed significantly better than the individual drugs. Weight gain was controlled effectively by drug adminis-
tration together with piperine compared with other groups. Hepatic function analyses demonstrated that the
potentiation of gemfibrozil did not alter the hepatic function but instead it improved significantly by normalizing
the elevated serum glutamic oxaloacetic transaminase, serum glutamic pyruvic transaminase, and alkaline
phosphatase levels. The plasma drug concentration of gemfibrozil was studied over time, where the enhanced
activity of the drug reached its Cmax within 1 h of administration and the activated drug level was observed in the
blood for 4 h.
1. Introduction

Hyperlipidemia is characterized by elevated serum and plasma lipid
levels, and it is the highest risk factor for diseases that cause severe
mortality and morbidity at present. Most heart diseases, vascular dis-
eases, and cerebrovascular diseases are linked to elevated cholesterol and
lipid levels in the blood [1]. A previous study predicted a massive rise of
25–30% in mortality throughout the world by 2020 but a decrease of
10% in the cholesterol level can reduce cardiovascular problems by 30%,
and thus the death rate [2].

Gemfibrozil is an antihyperlipidemic drug used for the treatment of
patients with Type IV and Type V hyperlipidemia. This drug is used for
patients with risks for cardiovascular diseases, coronary vascular prob-
lems, and other lipid-related disorders. Gemfibrozil is most effective in
patients who do not respond to a conventional weight loss diet, exercise,
and regular antihyperlipidemic medicines. The drug effectively lowers
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elevated levels of triglycerides (TG), very low density lipoprotein
cholesterol, and total cholesterol (TC) in the serum [3,4].

The indicated dose of gemfibrozil is approximately 20 mg/kg and the
tablets are marketed at 600 mg/tablet. The Cmax estimated for gemfi-
brozil is 46� 16 μg/mL and Tmax is 2.2� 1.1 h. A slight elevation in Tmax
was noted in patients with liver disorders and the bioavailability was
significantly lowered by almost 50%. A higher dose of the drug can be
administered to achieve the required concentration in the blood with the
greatest activity. Gemfibrozil is known to cause hepatic disorders, and
thus it is necessary to maintain a low dose while improving the
bioavailability of the drug. One of the options for achieving improved
bioavailability and preventing hepatotoxicity is applying the drug
concurrently with a bio-enhancer [5].

The importance of bio-enhancers of herbal origin is emphasized in
Indian traditional medicine systems such as Ayurveda. They are well
known to enhance the bioavailability of active drugs when used in low
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doses, and thus the biological activity. Bio-enhancers can clinically lower
the dose and dosage frequency, as well as often reducing the toxicity and
adverse drug effects. A bio-enhancer may or may not possess any phar-
macological activity but it enhances the bioavailability and efficacy of an
active drug. Bio-enhancers typically enhance the oral absorption of the
drug and its metabolism, or theymay aid the conversion of inactive forms
of drug molecules into active forms [6,7].

Many studies have investigated the effects of piperine on the ab-
sorption and metabolism of other drugs. Piperine is an effective anti-
inflammatory, antioxidant, and hepatoprotective drug. In addition, it
has been reported to enhance the bioavailability of curcumin and sim-
vastatin as well as many other drug candidates while maintaining the
activity of these drugs [6,8,9]. Thus, in the present study, we investigated
the effectiveness of piperine at increasing the bioavailability of gemfi-
brozil without reducing the hepatic function.

2. Materials and methods

2.1. Chemicals and equipment

The drugs, chemicals, and biochemical assay kits used in the experi-
ments were obtained from Sigma-Aldrich, India. The chemicals and sol-
vents were high-performance liquid chromatography (HPLC) analytical
grade. The water used in the analytical procedures was double distilled
and filtered through a 0.25-μm filter membrane.

2.2. Experimental animals

Sprague–Dawley rats were employed in this study. Male rats weigh-
ing 190–230 g were obtained from an animal supplier in Bengaluru,
India. The rats were disease free and active according to the seller’s
documentation history. Rate were introduced into our laboratory setup
and maintained at 23 �C with a light:dark cycle of 12:12 h. The animals
were provided with standard pellet diet in their own polypropylene cages
and water was allowed ad libitum. All of the experiments conducted on
animals in this study received prior approval from the Institutional An-
imal Ethics Committee (IAEC), Sri Venkateswara College of Pharmacy,
Chittoor and they followed the Committee for the Purpose of Control and
Supervision of Experiments on Animals (CPCSEA) protocols.

2.3. Grouping and pretreatment

After an acclimatization period of 1 week, 10 rats were randomly
assigned to groups with six rats in each group. Group 1 comprised normal
control animals that received normal diet. Group 2 animals were fed with
a high fat diet containing 10% fat and 2% cholesterol in addition to the
normal pellet feed for about 30 days. The body weights were recorded
before and after the experiments to ensure the induction of
hypercholesterolemia.

2.4. Treatment and drug administration

The experiments were conducted for about 4 weeks and the groups
received the following drug treatments: group 1 (NRML) served as the
normal control; group 2 (HFF) served as the disease control and did not
receive any drug treatment; group 3 (GEM) served as the drug control
and received gemfibrozil alone at a dose of 20 mg/kg/day; group 4 (PIP)
received piperine alone at a dose of 5 mg/kg/day; group 5 (GEM-PIP-5)
received gemfibrozil and piperine at doses of 20 mg/kg/day and 5 mg/
kg/day, respectively; group 6 (GEM-PIP-10) received gemfibrozil and
piperine at doses of 20 mg/kg/day and 10 mg/kg/day, respectively; and
group 7 (GEM-PIP-20) received gemfibrozil and piperine at doses of 20
mg/kg/day and 20 mg/kg/day, respectively [10].
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The drugs were administered via oral garage in corn oil. The NRML
and HFF groups received corn oil during the course of the experiment.
After 4 weeks, the body weights were recorded and the rats were then
sacrificed under ether anesthesia by cervical dislocation.

2.5. Estimation of serum lipid parameters

Blood was withdrawn from the abdominal aorta and allowed to
coagulate at room temperature. The serum was separated and collected
after centrifugation at 3000 rpm for 10 min. The samples were stored in
an appropriate manner at 4 �C and used to estimate lipid parameters
comprising the total cholesterol (TC), TG, high density lipoprotein
(HDL), and low density lipoprotein (LDL) contents.

2.6. Estimation of hepatic lipid and function parameters

Liver tissue (at least 0.5 g) was separated carefully from the rats and
homogenized in phosphate-buffered saline (PBS, pH 7.2) to a concen-
tration of 0.15 g tissue per 1 mL of PBS. The homogenate was subjected to
centrifugation at 3000 rpm for 10 min and the supernatant was filtered
and collected, before storing at 4 �C. The supernatant was used to esti-
mate the hepatic lipid levels and in liver function assays to determine the
serum glutamate serum glutamic oxaloacetic transaminase (SGOT),
serum glutamic pyruvic transaminase (SGPT), and alkaline phosphatase
(ALP) levels. The assays were performed using enzyme assay kits [11].

2.7. Estimation of gemfibrozil concentration in plasma

2.7.1. HPLC system configuration
The drug levels in the blood plasma were determined using reversed

phase-HPLC. The HPLC system was manufactured by Shimadzu (Japan)
and it was equipped with an LC-10 AT-VP system controller with an LC-
20AT pump and SPD-10A ultraviolet (UV) detector. The system was
coupled to a Phenomenex C18 analytical column (4.6� 250mm) and the
packed particle size was 5 μm. A Rheodyne 7725-I auto-injector was used
to inject 25 μL of the plasma sample. Acetonitrile and 0.4% w/v phos-
phoric acid in distilled water were filtered through a 0.25-μm filter
membrane and used at a ratio of 53:47. A constant flow rate and tem-
perature were maintained at 1.2 mL/min and 22 �C, respectively,
throughout the analysis. UV detection was performed at 242 nm.

2.7.2. Deproteination and preparation of plasma
On the last day of the experiment, the drugs were administered ac-

cording to the protocol described above. The animals were anesthetized
using ether and blood was withdrawn from the retro-orbital plexus at
regular intervals of 1 h, 2 h, 4 h, and 8 h after drug administration. Next,
1 mL of the blood was transferred into a centrifuge tube and mixed with
50 μL of freshly prepared 0.02% sodium EDTA solution. The samples
were stored at �20 �C until use. The solution was mixed with an equal
volume of acetonitrile and centrifuged at 3000 rpm for 10 min. The
organic layer was collected and filtered using cellulose acetate filter
papers, and injected into the HPLC system to estimate the gemfibrozil
content [12,13].

2.8. Statistical comparisons

The results were analyzed using GraphPad Prism version 5.04
installed on Windows 10. The data were pooled and expressed as the
mean� standard deviation, where n indicates the number of replicates in
the experimental protocol. Statistically significant differences were esti-
mated by one-way analysis of variance (ANOVA) using Dunnett’s test and
two-way ANOVA as applicable, and P < 0.001 and P < 0.05 were
considered to indicate significant difference.



Fig. 1. Weight gain variations in rats treated with drugs.
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3. Results

3.1. Effects of co-administration of gemfibrozil and piperine on weight gain

3.1.1. Body weight variations
The results showed that a significant weight gain of 155 g occurred in

the HFF group compared with the NRML group (41.25� 7.02 g), thereby
indicating that hyperlipidemia was successfully inducted over 30 days. In
the GEM group, the weights of the rats were reduced to around 60.32 �
6.09 g and they differed significantly compared with the NRML group,
and similar results were obtained in the PIP group. The weights were
normalized when gemfibrozil was used together with 5 mg/kg of
piperine and they did not differ significantly compared to the NRML
group. However, as the dose of piperine increased to 10 mg/kg and 20
mg/kg, the weight gain decreased dramatically and significant weight
losses occurred of about �7.46 � 1.32 g and �5.29 � 0.75 g, respec-
tively, compared with the initial weights, as shown in Table 1 and Fig. 1.

3.1.2. Hepatic weight variations
The weight of each rat liver was recorded and the weight of the liver

was then calculated relative to 100 g of the initial body weight and the
final body weight. The HFF group exhibited significant gains in the liver
weight of 9.02 � 0.92 g relative to the initial body weight and 4.47 g
relative to the final weight. Thus, the liver tissue gained more weight and
stored more fat and cholesterol in the HFF group. The relative liver
weights were normal in the other groups and they did not differ signif-
icantly relative to the initial body weight and final body weight, as shown
in Fig. 2.
Fig. 2. Variations in liver weight relative to body weight in rats.
3.2. Effects of co-administration of gemfibrozil and piperine on lipid
parameters

3.2.1. Serum lipid profile
Treatment of rats with the high fat diet caused significant increases in

the lipids estimated in the serum. The TG level in the serum increased to
4.51� 1.32 mmol/L in HFF rats and it was significantly higher compared
with NRML rats. Treatment with piperine alone did not lower the
elevated TG significantly and the value remained at 2.06� 0.98 mmol/L.
No significant reduction in the TG level was found in the GEM group.
Table 1
Effects of gemfibrozil and piperine on weight gain in rats.

Group Initial
weight g

Final
weight g

Weight
gain g

Liver
weight g

Relative to
initial body g/
100 g

NRML 225.27 �
10.28

270.92 �
12.91

41.25 �
7.02

5.87 �
1.21

2.60

HFF 201.76 �
9.21

357.65 �
15.05

155.46 �
5.83*

9.02 �
0.92

4.47*b

GEM 218.42 �
11.63

282.74 �
13.39

60.32 �
6.09*

7.55 �
0.83

3.45

PIP 211.75 �
14.82

292.88 �
16.29

80.04 �
10.93*

7.18 �
1.02

3.39

GEM-
PIP-5

209.38 �
17.21

253.45 �
14.21

40.22 �
3.33

6.54 �
0.94

3.12

GEM-
PIP-
10

217.69 �
12.78

210.82 �
15.76

�7.46 �
1.32*a

5.39 �
1.11

2.47

GEM-
PIP-
20

212.01 �
11.91

207.95 �
13.42

�5.29 �
0.75*a

5.27 �
0.94

2.48

NRML: normal group; HFF: high fat diet induced group; GEM: gemfibrozil; PIP:
piperine. The results are expressed as the rat weight � standard deviation and n
¼ 6. The results were analyzed using one-way ANOVA and statistically significant
differences were determined with Dunnett’s test, where *P < 0.001 indicates a
significant difference compared with the NRML group. aNegative values indicate
weight loss. bP< 0.001 indicates a significant difference compared with the liver
weight relative to the initial body weight.
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However, the co-administration of gemfibrozil with piperine at 5, 10, and
20 mg/kg significantly decreased the TG levels to 1.67 � 0.87, 1.29 �
0.37, and 1.22 � 0.42 mmol/L, respectively. Similar changes were also
detected in the TC levels. The TC level was 7.32 � 1.97 mmol/L in the
HFF group, whereas that in the NRML group was only 4.11� 1.04 mmol/
L. Thus, the TC levels decreased significantly after the co-administration
of gemfibrozil together with piperine at doses of 10 mg/kg and 20 mg/
kg. Clear increases also occurred in the HDL levels, as indicated in
Table 2, where the levels were elevated by treatment with gemfibrozil
and by co-administration of piperine at all doses. Thus, treatment with
piperine alone was not as effective as its co-administration with gemfi-
brozil. Therefore, the co-administration of piperine considerably
increased the lipid lowering activity of gemfibrozil.

3.2.2. Hepatic lipid profile
The lipid parameters comprising TC and TG were estimated in the

liver tissue homogenate and the results in Table 3 demonstrate the sim-
ilarities of the serum lipid levels, except piperine had a greater activity
compared with gemfibrozil alone. Gemfibrozil effectively lowered the
blood lipid values but not the hepatic lipids. However, the co-
administration of gemfibrozil with piperine obtained significantly
higher activities compared with the individual drugs. The results were
similar in both cases for TGs and TCs.



Table 2
Effects of gemfibrozil and piperine on serum lipid profile.

Group TG (mmol/L) TC (mmol/L) LDL (mmol/L) HDL (mmol/L)

NRML 1.95 � 0.28 4.11 � 1.04 1.15 � 0.21 2.88 � 0.76
HFF 4.51 � 1.32** 7.32 � 1.97** 5.47 � 1.02** 1.45 � 0.47*
GEM 2.06 � 0.98 4.35 � 1.21 3.04 � 0.90* 2.73 � 0.79
PIP 3.29 � 1.03* 6.02 � 1.72** 4.74 � 1.01** 1.95 � 0.64*
GEM-PIP-5 1.67 � 0.87 3.86 � 1.08 1.98 � 0.88 2.89 � 0.75
GEM-PIP-
10

1.29 � 0.37 3.22 � 1.01 0.97 � 0.16 3.45 � 1.03

GEM-PIP-
20

1.22 � 0.42 3.18 � 0.92 0.91 � 0.13 3.51 � 1.05

NRML: normal group; HFF: high fat diet induced group; GEM: gemfibrozil; PIP:
piperine; TG: triglycerides; TC: total cholesterol; LDL: low density lipoproteins;
HDL: high density lipoproteins. The results are expressed as the mean� standard
deviation and n ¼ 6. The results were analyzed using one-way ANOVA and
statistically significant differences were determined with Dunnett’s test, where
**P < 0.001, *P < 0.05 indicates a significant difference compared with the
NRML group.

Table 3
Effects of gemfibrozil and piperine on the hepatic lipid profile.

Group TG (μmol/
g)

TC (μmol/
g)

SGOT (U/
mol)

SGPT (U/
mol)

ALP (U/
mol)

NRML 18.02 �
1.92

9.81 �
1.21

135.56 �
9.21

75.65 �
5.49

34.36 �
4.27

HFF 41.72 �
5.28a

35.47 �
5.29a

174.42 �
12.02a

110.37 �
11.36a

75.85 �
8.65a

GEM 22.87 �
2.63*

18.76 �
2.19*

165.56 �
13.21

94.94 �
8.04

63.48 �
7.45

PIP 21.96 �
3.20*

27.54 �
4.65

151.43 �
10.83

89.35 �
8.46*

59.47 �
5.38*

GEM-
PIP-5

18.67 �
2.02*

13.02 �
1.28*

147.36 �
9.04*

80.74 �
9.75*

45.75 �
4.35*

GEM-
PIP-10

15.75 �
1.25*

8.92 �
1.25*

138.66 �
10.52*

73.45 �
8.39*

32.94 �
4.33*

GEM-
PIP-20

14.28 �
1.22*

8.26 �
1.34*

132.87 �
9.36*

70.84 �
7.57*

31.65 �
3.27*

NRML: normal group; HFF: high fat diet induced group; GEM: gemfibrozil; PIP:
piperine; TG: triglycerides; TC: total cholesterol; SGOT: serum glutamic oxalo-
acetic transaminase; SGPT: serum glutamic pyruvic transaminase; ALP: alkaline
phosphatase. The results are expressed as the mean� standard deviation and n¼
6. The results were analyzed using one-way ANOVA and statistically significant
differences were determined with Dunnett’s test, where *P < 0.001 indicates a
significant difference compared with HFF group and a P < 0.001 indicates a
significant difference compared with NRML group.

Table 4
Variations in plasma concentrations (μg/ml) of gemfibrozil over time.

Group Time after drug administration

1 h 2 h 4 h 8 h

GEM 18.24 � 1.86 25.28 � 2.17 13.47 � 2.10 2.03 � 0.41
GEM-PIP-5 35.45 � 4.27* 45.92 � 5.43* 28.36 � 2.18* 5.67 � 0.89**
GEM-PIP-
10

41.36 � 5.45* 54.84 � 6.38* 32.90 � 3.21* 15.42 � 1.21*

GEM-PIP-
20

42.07 � 5.39* 55.46 � 6.32* 30.36 � 3.07* 13.78 � 1.12*

GEM: gemfibrozil; PIP: piperine. The results are expressed as the mean � stan-
dard deviation and n ¼ 6. The results were analyzed using one-way ANOVA and
statistically significant differences were determined with Dunnett’s test, where
*P < 0.001 indicates a significant difference compared with GEM group and **P
< 0.05 indicates a significant difference compared with GEM group.
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3.3. Hepatic function test

Table 3 shows that significant increases occurred in the SGOT, SGPT,
and ALP levels in the HFF rats, which were possibly due to the oxidative
damage induced by the excessive lipids in hepatic tissues. These increases
were reduced considerable by applying gemfibrozil and piperine
together. These significant reductions in the enzyme levels indicate that
the liver function was enhanced, but they remained above the normal
range in the groups treated with drug or piperine alone. Thus, the con-
current administration of both drugs enhanced the liver activity. Inter-
estingly, piperine had a dose-dependent enhancement effect on the
hepatic activity, and even above a dose of 10 mg/kg.
Fig. 3. Variations in plasma concentration of gemfibrozil over time.
3.4. Enhancement of plasma concentration of gemfibrozil

The plasma concentrations of gemfibrozil were estimated at different
times after administration and the results are shown in Table 4. The peak
concentration of gemfibrozil occurred at 2 h with 25.28 � 2.17 μg/mL
and the peak plasma concentration decreased by 50% after 4 h, thereby
agreeing with the previously reported T1/2 and Cmax values for gemfi-
brozil. After the co-administration of gemfibrozil with piperine at various
4

doses, the peak plasma concentration of 41.36 � 5.45 μg/mL occurred
within 1 h of administration, which was 100% higher than that when
gemfibrozil was administered alone. The desired plasma concentration
continued for a period of 4 h. There were no significant variations or
increases in the concentration when the piperine dose exceeded 10 mg/
kg. Thus, the co-administration of piperine and gemfibrozil significantly
increased the drug concentration in terms of the plasma concentration
and slowed its elimination, thereby agreeing with the enhanced activity
described above. Fig. 3 illustrates the changes in the plasma concentra-
tion of gemfibrozil over time and after its co-administration with
piperine.

4. Discussion

Piperine is a chemical moiety that is known to enhance the
bioavailability and efficacy of drugs when administered concurrently. It
is well established that piperine has synergistic effects on many antiox-
idant, antimicrobial, and anti-inflammatory drugs, as well as significantly
influencing the metabolism of many drugs, especially those affected by
first-pass metabolism. When administered orally, piperine inhibits he-
patic aryl hydrocarbon hydroxylation, ethylmorphine-N-demethylation,
7-ethoxycoumarin-O-deethylation, and 3-hydroxy-benzo(a)pyrene glu-
curonidation [14]. Piperine inhibits glucuronidation to inhibit
UDP-glucose dehydrogenase [15]. The inhibition of these metabolic
processes by piperine increases the availability of the active forms of
drugs in the bloodstream to enhance and extend their activity.

Piperine also enhances the bioavailability of the drugs by improving
their solubility due to increased bile acid secretion. Piperine inhibits bile
acid metabolism, thereby allowing bile acid to form micelles with the
drug molecules, which enhances their solubility and absorption [15].
Piperine also increases the blood flow to the digestive tract to facilitate
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increased drug absorption and bioavailability [15,16]. Piperine effec-
tively inhibits the conjugation of glucuronic acid with drugs to reduce
their renal clearance and enhance the duration of a drug’s action [17].

Gemfibrozil is an antihyperlipidemic drug that acts by activating the
alpha receptor activated by peroxisome proliferators, thereby altering
the metabolism of lipids and leading to increases in the concentrations of
HDLs and lipoproteins, as well as decreasing the removal of lipids (free
fatty acid forms) from the liver. The decreased removal of fatty acids
from the liver reduces the production of TG. Gemfibrozil increases the
clearance of apoB to decrease the production of very low density lipo-
protein cholesterol and the TG levels [18]. Gemfibrozil inhibits CYP2CB
to reduce the production and elevation of the lipid levels in the blood.

When used alone, piperine has an antihyperlipidemic activity as well
as various other activities. Our results showed that piperine had a sig-
nificant synergistic effect on the lipid lowering capacity of gemfibrozil.
When used individually, piperine had a low activity compared with
gemfibrozil, but the activity was significantly enhanced when applied at
low doses of 5 mg/kg together with gemfibrozil. The activity also
increased with the dose of piperine. However, interestingly, the syner-
gistic effect of piperine was negligible when applied at doses over 10 mg/
kg. There was no significant increase in the plasma concentration of
gemfibrozil when applied with piperine at a dose higher than 10 mg/kg,
and thus this can be considered the maximum effective dose for obtaining
a synergistic effect with gemfibrozil.

Previous studies have shown that the Cmax value for gemfibrozil is
approximately 46 μg/mL but after its co-administration with piperine at
10 mg/kg and 20 mg/kg, we found that the Cmax values were 54 μg/mL
and 55 mg/mL, respectively, which are not significantly different, and
thus a 10 mg/kg dose of piperine is probably the maximum dose that can
obtain a synergistic effect with gemfibrozil. The Tmax value reported
previously for gemfibrozil is approximately 2.5 h [5]. In the present
study, we found that the peak plasma concentration of gemfibrozil was
reached within 2 h, thereby indicating that the pharmacokinetic pa-
rameters of the drug were clearly improved. Renal clearance of gemfi-
brozil occurs after approximately 1.5 h and up to 50% of the drug is
eliminated in the form of conjugates [19]. It has also been estimated that
70% of the conjugates are excreted in urine. Another study suggested that
glucuronidation of gemfibrozil is an important step that limits its activity
and the conjugated form of the drug, gemfibrozil 1-O-β-glucuronide, is a
metabolite-dependent inhibitor of CYP2C8 [20].

The enhanced activity of gemfibrozil when administered concur-
rently with piperine was due to the elevated plasma concentrations over
2 h after administration. Thus, we hypothesize that the inhibition of
glucuronidation by piperine may prolong availability of gemfibrozil in its
active and free form in the blood. The elevated plasma levels of the drug
within 1 h can also be attributed to piperine enhancing the solubility of
gemfibrozil and increasing its absorption.

Gemfibrozil was effective at lowering the TC and TG levels in the
serum and liver [21]. The co-administration of piperine with gemfibrozil
further enhanced its activity and significant reductions also occurred in
the TG and TC levels, as well as increases in the HDL levels. No significant
reductions occurred in the TG or TC levels when piperine was applied at a
dose of 20 mg/kg, thereby indicating that the maximum effective dose is
10 mg/kg. Thus, increasing the dose of piperine can only enhance the
activity of gemfibrozil up this dose. Lipid metabolism typically occurs in
the liver and the conversion of cholesterol to bile is an important
pathway for the elimination of lipids. The decrease in the cholesterol
levels in the liver suggests that increased lipid metabolism in the liver
converted cholesterol into its metabolites and HDL, and this was sup-
ported by the elevated HDL levels in this tissue [22].

It has been suggested that increasing the dose of gemfibrozil can
cause minor liver damage [23]. Thus, it is necessary to safely enhance the
activity of gemfibrozil but without affecting other systems detrimentally.
Our results suggest that the hepatic function improved according to the
5

reduced TG and TC levels in the liver tissue homogenate. Reductions in
the levels of the hepatic enzymes comprising SGOT, SGPT, and ALP also
occurred after the co-administration of gemfibrozil and piperine. The
elevated levels of these enzymes might have been due to oxidative stress
and the effects of drug administration on the liver, but their levels
decreased significantly after the co-administration of piperine. In
contrast to the highest synergistic antihyperlipidemic activity of piperine
obtained at 10 mg/kg, the effect of piperine on the liver function in rats
was dose dependent. Thus, the administration of 20 mg/kg of piperine
together with gemfibrozil obtained the greatest hepatic function ac-
cording to the SGOT, SGPT, and ALP levels.

Our HPLC results suggested that the concurrent administration of
gemfibrozil with piperine enhanced the gemfibrozil levels in the blood to
enhance the antihyperlipidemic activity. The Tmax value for gemfibrozil
was reached within 2 h and its activity was extended. The estimated lipid
parameters showed that gemfibrozil decreased the levels of harmful
lipids more effectively when co-administered with piperine compared
with its individual administration. This effect can be attributed to the
increased availability of the free drug in the blood for an extended period
at a higher concentration. Various mechanisms have been proposed for
the effect of piperine on enhancing the bioavailability of drugs. We found
no indications of hepatic damage or changes in the liver function ac-
cording to the liver enzyme levels. Piperine is a well-known hep-
atoprotective agent that might protect liver cells from the hepatic
damage caused by free gemfibrozil.

5. Conclusion

The findings obtained in the present study indicate that gemfibrozil is
a potent antihyperlipidemic drug and its concurrent administration with
piperine can increase its activity by several times. We found that piperine
acted as an effective bio-enhancer at doses up to 10mg/kg according to in
vivo activity assessments. Piperine increased the absorption and
bioavailability of gemfibrozil but with no adverse effects on the liver.
Further research is required to understand the molecular mechanisms
responsible for this activity and to develop effective formulations by
maintaining a suitable dose and dosing less frequently. The interactions
between gemfibrozil and piperine also require further investigation to
ensure that their co-administration is safe and effective.
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