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Antihyperlipidemic, anti‑inflammatory, analgesic, and 
antipyretic activities of “dimethyl dimethoxy biphenyl 

dicarboxylate” in male Wistar rats

Abstract

Dimethyl dimethoxy biphenyl (DDB) dicarboxylate has been applied as a therapeutic 
modality for curing liver diseases, particularly hepatitis virus. The objective of this 
study was to assess the protective potential against Triton X‑100 induced abnormal 
fat metabolism in addition to anti‑inflammatory, analgesic, and antipyretic effects of 
DDB. The anti‑inflammatory, antinociceptive, and antipyretic of DDB were investigated 
through induction of paw edema, pain, and fever in experimental rats. DDB decreased 
cholesterol and triglyceride contents. DDB resulted in inhibition of inflammation, 
nociception, and fever in the experimental models. DDB improved lipid profile, as 
evidence of hypolipidemic potential. It also showed anti‑inflammatory, analgesic, and 
antipyretic properties.
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INTRODUCTION

Lipid disorders associated with hyperlipidemia increase 
exposure to atherosclerosis, subsequent vascular disease, 
and cardiovascular diseases,[1] as well as increasing the 
probability of hepatic steatosis and malignant melanoma.[2] 
Hyperlipidemia is manifested by the increase in serum 
total cholesterol (TC), low-density lipoprotein (LDL), and 
very-LDL, and a decrease in high-density lipoprotein 
levels, which are the main causes of cardiovascular 
events for cardiovascular.[3] Triton X-100 is used to induce 

hyperlipidemia and is a well-known animal model 
for screening of the antihyperlipidemic effect of both 
natural and synthetic agents.[4] Unfortunately, most of the 
hypolipidemic drugs in markets have been implicated in 
deleterious side effects.[5] The “lipid” and “inflammation” 
hypotheses are closely interconnected as their recorded 
data that support inflammation was parallel to those 
supporting LDL cholesterol. Moreover, statins efficacy was 
determined by significant amelioration of LDL cholesterol 
and C-reactive protein.[6] Although statins may lead to 
detrimental effects, such as severe muscle pain, hepatic, and 
renal failure.[5] Therefore, it is essential to find new sources 
of determined hypolipidemic agents and lacking possible 
therapeutic complications. In our research, we are going 
to explain the ameliorative effect of dimethyl dimethoxy 
biphenyl (DDB) against triton-induced hyperlipidemia, 
carrageenan-induced inflammatory, hot plate-induced 
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nociception as well as brewer’s yeast-induced fever. DDB is 
an analog of Schizandrin C, available as a Chinese remedy 
extracted from Fructus Schizandrae.[7] DDB was recorded 
previously to exert a hepatoprotective as well as antioxidant 
efficacy along with anti-inflammatory properties.[8,9]

MATERIALS AND METHODS

Drugs and chemicals
1) Pure DDB powder was purchase from Arabic company 
of Pharmaceutical and Medicinal Plants (Egypt). 2) Triton™ 
X-100, Paracetamol (purity 99.9%) and carrageenan were 
purchased from Sigma-Aldrich (St.Louis, MO, USA). 3)
Indomethacin capsules were purchased from Kahira 
Pharm and Chem IND. CO. (Cairo, Egypt). 4) Tramadol 
hydrochloride (purity ≥ 99.3%) was purchased from 
Grünenthal Ltd. (Aachen,Germany). 5) Diagnostic kits 
(TC, triglycerides (TG), aspartate transaminase (AST), and 
alanine transaminase (ALT) enzymes were purchased from 
Bio diagnostic Company (Giza, Egypt).

Animals and care
Male Wistar rats weighing (150–170 g) were provided 
by the animal breeding unit at the National Research 
Centre (NRC). All instructions of the ethical committee of 
NRC were followed accurately during animal handling 
following ”National Institutes of Health (NIH) Guide and 
Use of Laboratory Animals” (NIH Publications No. 8023, 
revised 1978). All the experiments have been approved by 
the ethics committee of the NRC ensuing the European 
Economic Area agreement applying the EU directive 
2010/63/EU for laboratory animal shielding.

Experimental design
Triton X‑100‑induced hyperlipidemia
Hyperlipidemia was induced using Triton ×-100 according 
to Kim et al.[7] Forty-eight hours after Triton X-100 injection, 
from the retro-orbital venous plexus of rats blood, was 
collected under anesthesia (ketamine 40 mg/kg),[10] and 
serum was separated in Eppendorf Tubes and kept 
for determination of (TC, TG, AST, and ALT) using 
commercially available kits.

Histopathological studies
Under anesthesia, scarification was applied by cervical 
dislocation; liver tissue was removed and kept in formalin. 
For the histopathological aim section, thickness of 5 μm was 
stained with hematoxylin and eosin.

Anti‑inflammatory, central analgesic, and antipyretic effects of 
dimethyl dimethoxy biphenyl
Carrageenan-induced paw edema was performed as 
follows: [11,12] antinociceptive efficacy of DDB was performed 
following the method of Turner (1965).[13] Antipyretic 
efficacy of DDB was performed following the protocol of 
Roszkowski et al.[14]

Data analysis
All results (mean ± SE) were analyzed using one-way 
analysis of variance and then by the Tukey-Kramer test for 
confirmation.

RESULTS

Effect of dimethyl dimethoxy biphenyl on serum lipid 
profile (total cholesterol and triglycerides)
Rats  in jec ted with  Tr i ton  X-100  s igni f icant ly 
(P < 0.05) increased TC and TG level (175.6 ± 7.22 and 
138.9 ± 9.88 mg/dl), respectively, in correlative to the control 
group (69.64 ± 1.03 and 62.39 ± 1.37 mg/dl), respectively. 
On the other hand, group-administered DDB + Triton 
X-100 significantly decreased TC and TG (91.16 ± 4.39 
and 78.98 ± 1.00 mg/dl), respectively, showing (1.92- and 
1.75-fold decrease), respectively, in comparison to the Triton 
X-100 group. Hyperlipidemia was a result of the reduction 
of TC and TG evidenced a potent hypolipidemic of DDB 
against Triton X-100 as dissipated in Figure 1.

Effect of dimethyl dimethoxy biphenyl on serum 
liver enzymes (alanine transaminase and aspartate 
transaminase)
The group injected with Triton X-100 significantly 
(P < 0.05) increased ALT and AST levels (89.18 ± 1.19 
and 237.18 ± 3.74 U/L) sequentially correlate to the 
control group (40.03 ± 1.58 and 95.65 ± 1.85 U/L). On 
the other hand, group-administered DDB + Triton 
X-100 significantly (P<0.05) decreased ALT and AST 
levels (54.67 ± 1.71 and 198.2 ± 1.96 U/L), respectively, 
showing (1.79 and 1.2-fold decrease) in comparison to the 
control positive group (Triton-×-100) [Figure 2].

Histopathological studies
The normal control group showed normal-sized noncongested 
central vein with preserved hepatic architecture with one and 
two hepatocytes thickness [Figure 3a]. The Triton X-100 
group showed massive lipid infiltrations of hepatocytes in 
the three hepatic zones but minimal at zone three. Areas 
of necrosis and lymphocytic infiltrine were also detected. 
Engorged and dilated central veins were observed with 
sinusoidal congestion [Figure 3b]. DDB + Triton X-100 section 
examination revealed normally looking at hepatocytes in 
zones two and three. Limited lipid infiltrated hepatocytes 
were seen in zone one. Sinusoidal congestion was diminished. 
The central veins were congested but not dilated [Figure 3c].

The normal control group showed normal-sized noncongested 
central veins with preserved hepatic architecture with one 
and two hepatocytes thickness-A1 (100×) and A2 (400×). 
Triton X-100-treated rats showed massive lipid infiltrations 
of hepatocytes in the three hepatic zones but minimal in the 
zone there. Areas of necrosis and lymphocytic infiltration 
were also detected. Engorged and dilated central veins were 
observed with sinusoidal congestion B1 (×40) and B2 (×400). 
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DDB + Triton X-100 section examination revealed normally 
looking hepatocytes at zones two and three. Limited lipid 
infiltrated hepatocytes were seen in zone one. Sinusoidal 
congestion was diminished. Central veins were congested 
but not dilated C1 (×100) and C2 (×400).

Anti‑inflammatory effect of dimethyl dimethoxy 
biphenyl
200 mg/kg DDB showed a % of inhibition (23.34%, 27.79%, 
35.16%, and 28.86%) as compared to control group and 
exerting potency % (458.54%, 90.81%, 88.21%, and 78.74%) 
as correlated to standard group (indomethacin 10 mg/kg). 
It was obvious that the highest anti-inflammatory potency 
for DDB was reported after the 1st h following carrageenan 
injection as the edema rate was significantly (P < 0.05) 
inhibited as correlated to the standard drug (indomethacin). 
It was worthy to note that the anti-inflammatory 
potency and inhibition rate of DDB remain significant as 
correlated to the control group showing a substantial % 
inhibition (28.86%) and potency (78.74%). The data are 
dissipated in Table 1.

Antinociception effect of dimethyl dimethoxy biphenyl
After 30 minutes, group treated with DDB showed a 
significant increase in latency period (30.62±1.74 s) (208%) as 
compared to control group and showing 1.28-fold increase 
than standard group treated with  tramadol (23.9 ± 0.75 s) 
(163%) compared to control group. Similarly, after 60 min, 
the latency response of the group given DDB (33.12 ± 2.66 
s) (216%) increased significantly as compared to the control 
group showing a 1.4-fold increase in latency period as 
compared to the tramadol group (22.64 ± 0.66 s) (148%) 
compared to the control. Data are illustrated in Figure 4.

Antipyretic effects of dimethyl dimethoxy biphenyl
Animals administered DDB and paracetamol experienced 
a slight decrease in rectal temperature beginning from 
60 min following injection with the drugs; however, these 
reductions were not significant (P < 0.05) in correlation 
to the control group. After 90 min of drug injections, 
only DDB showed a remarkable (P < 0.05) reduction in 
temperature (37.06 ± 0.35°C) in comparison to the control 
group, and after 120 min, both DDB and paracetamol 
groups showed significant (P < 0.05) reduction in 
temperature (36.78 ± 0.19 and 36.72 ± 0.22°C sequentially) 
as correlated to control (38.52 ± 0.2°C), but no significant 
difference between DDB and paracetamol effects was 
recorded. Data are illustrated in Figure 5.

DISCUSSION

Hypolipidemic drugs such as statins had achieved success 
in managing hyperlipidemia; however, some detrimental 
side effects acquired detailed monitoring such as myopathy, 
sleep disturbance, headache, impairment of liver function 
tests, and creatinine phosphokinases.[15] In addition, the 
major alternative modalities for statins such as fibrates, 
nicotinic acid, and bile acid sequestrants also showed many 
adverse effects.[16] Available data supporting the role of 

Figure 1: Results (mean ± SE) (n = 6), aP < 0.05 was representing significance. aP < 0.05 versus control group, bP < 0.05 versus Triton X‑100

Figure 2: Results are mean ± SE. (n = 6), aP value of < 0.05 was 
representing significance. aP < 0.05 versus control group, bP < 0.05 
versus Triton X‑100
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lipase, so, it blocks the elimination of triacylglycerol from 
the plasma.[17] It was also reported in previous studies 
that in addition to the hyperlipidemic effect of Triton 
X-100, it could exert oxidative metabolic activity leading 
to prominent oxidative damage in liver and brain tissues. 
Al-Awadi et al.,([18] reported that Triton X-100 caused a 
liver injury which was evidenced by remarkable increase 
in lipid peroxidation in liver tissues and remarkably 
reduced glutathione which is mainline of defense against 
the oxidative injury induced by Triton X-100. The reduction 
of glutathione was also implicated in the inactivation 
of enzymes due to the protein damage caused by lipid 
peroxidation.[19] Thus, the hypolipidemic potency might be 
attributed to the antioxidative effect which was evidenced 
by significant amelioration of the impaired lipid profile 
in hyperlipidemic rats.[20] In the current study, the liver 
injury was evidenced by the significant elevation of liver 
transaminases (ALT and AST) and histopathological 
changes as a result of intraperitoneal injection of Triton 
X-100. Osman et al.[21] who attributed these impairments to 
the extent of tissue injury triggered by hypercholesterolemia 
were concerned about these results. DDB reveals a 
remarkable reduction in serum ALT and AST that refers 
to the ability of DDB to shield liver cells against tissue 
injury reported as a consequence of Triton X-100 injection. 

DDB as an effective hepatoprotective drug is plentiful, but 
so far, its effect in modulation of hyperlipidemia, edema, 
pain, and pyrexia was still unknown. Hence, our current 
study aimed to address the potential hypolipidemic DDB 
against Triton×-100 causing hyperlipidemia, paw edema 
caused by carrageenan, thermal-induced nociception, and 
brewer’s yeast-induced pyrexia.

The hyperlipidemic effect of triton had been attributed 
to its ability to inhibit the destructive metabolism of 
triacylglycerol-rich lipoproteins through lipoprotein 

Figure 3: Effect of dimethyl dimethoxy biphenyl on liver histopathology. Normal control group (3a), Triton X‑100 group (3b) and DDP+ 
Triton X‑100 group (3c)

cba

Table 1: Anti-inflammatory effect of dimethyl dimethoxy biphenyl dicarboxylate against  carrageenan-
induced  inflammation
Group 1 h 2 h 3 h 4 h

Edema 
rate (%)

Potency 
(%)

Edema 
rate (%)

Potency 
(%)

Edema 
rate (%)

Potency 
(%)

Edema rate 
(%)

Potency 
(%)

Control (carrageenan) 43.96±1.43 - 57.31±2.08b - 96.49±3.73b - 98.79±3.7b -
DDB (200 mg/kg) + 
Carrageenan

33.7±2.93a,b 
(23.34)

458.54 41.39±4.01a 
(27.79)

90.81 62.57±6.13a 
(35.16)

88.21 70.27±3.45a 
(28.86)

78.74

Indomethacin  
(10 mg/kg)

41.72±0.64 
(5.09)

100 39.78±0.28a 
(30.6)

100 58.03±0.95a 
(39.86)

100 62.58±3.73a 
(36.65)

100

Data are presented as mean±SE (n=6). P<0.05 was representing significance, aP<0.05 versus control group, bP<0.05 versus indomethacin. Values in brackets indicate 
the percentage inhibition rate. Calculations of potency were in comparison to indomethacin as a reference drug. DDB: Dimethyl dimethoxy biphenyl dicarboxylate, SE: 
Standard error

13.24 [14.66]b [15.3]b

21.78
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Figure 4: Results are mean ± SE. (n = 6), aP < 0.05 was representing 
significance. aP < 0.05 versus control group, bP < 0.05 versus tramadol
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The histopathological changes observed in our study 
were corroborated with those of Gundamaraju et al.,[4] and 
Hashem et al.[22]

Previous studies have verified that the anti-inflammatory 
effect of DDB was attributed to the capability to reduce 
NF-κβ activation and tumor necrosis factor-α exhibition.[9,23] 
In running an investigation, we also examined the possible 
central analgesic effect[24] as compared to the opioid 
analgesic tramadol using the hot plate method.[25] The 
potent and prolonged duration of analgesic activity of 
DDB as compared to tramadol was attributed to its high 
protein binding affinity. The central analgesic effect of 
opioid analgesics is mediated by their effect on opioid 
receptors.[26,27] The antipyretic action of DDB could be due 
to a reduction in prostaglandin levels and pro-inflammatory 
mediators.[25]

CONCLUSIONS

As per our findings, we recommend the use of DDB as a 
potent hypolipidemic, anti-inflammatory, analgesic, and 
antipyretic agent.
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