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Introduction
Venous thromboembolism (VTE) has been associated with prolonged immobility during travel involving aeroplanes, buses, trains and cars. The recognition that VTE was associated with prolonged flight or travel was first noted in 19541, and then labelled the ‘economy class syndrome’ in 19882. 17-25% of patients with VTE admitted to two Honolulu hospitals had had a recent history of air travel3, 4. Others have looked at this association in relation to travel by bus, car, truck or train5, 6. Prolonged travel in the seated position causes venous stasis, and it is venous stasis that is associated with VTE. This is consistent with Virchow’s classic postulate that venous stasis contributes to VTE. The present evidence regarding air travel is circumstantial, and could be misleading given that VTE is a very common disorder, with an annual incidence of 1 per 1000 population suffering with a deep vein thrombosis6. 

When travel times are greater than twelve hours2 there was a greater incidence with ten out of eleven in-flight deaths from pulmonary embolism recorded during long flights4. 

Other factors including dehydration7, 8, stress, climatic change, and activation of blood clotting9 may contribute additional risk factors to venous stasis in the development of VTE. Hypoxia and a decrease in pressure was shown to change coagulability10. This was a study in healthy volunteers demonstrating a rise in clotting factors. These changes may contribute to the development of a deep vein thrombosis.
The majority of clots are asymptomatic, with only those extending into the femoral and pelvic veins giving rise to classic symptoms of pain and swelling. Asymptomatic DVT occurs in 3-10% of air travellers. Scurr et al15 demonstrated ultrasound detected thrombus in up to 10% of people travelling. Patients with known risk factors had already been excluded. Only a few go on to develop swelling of the legs, or signs and symptoms of pulmonary embolism including death. The development of a deep vein thrombosis is associated with risk factors. The more risk factors, the greater the chance of developing a deep vein thrombosis. The condition is not confined to people with cardiovascular disease, or even previous thromboembolic episodes, but can affect young healthy people. Many people who have suffered a deep vein thrombosis had no obvious risk factors other than travel. Any deep vein thrombosis is potentially life threatening. The development of a DVT will predispose to a future DVT, and larger DVT’s are associated with an increased risk of pulmonary embolism. Small clots cause difficulty in breathing. Large clots may prove fatal. 

Although asymptomatic DVT’s may resolve, valvular damage may occur, predisposing people to further episodes of deep vein thrombosis and the development of a chronic post-thrombotic limb. 

The LONFLIT studies16 demonstrated 3% of travellers developing clots on long flights, most are silent or asymptomatic, but still potentially posing a threat of recurrent deep vein thrombosis. With US Airlines carrying six hundred million passengers, 50% making journeys over four hours with up to 10% developing clots, this would suggest that up to 1.8 million travellers develop deep vein thrombosis. In studies where patients presenting with deep vein thrombosis and pulmonary embolism were studied, up to 66% had a deep vein thrombosis attributed to air travel (Simon)9, a similar figure of 50% Mercer Brown4. In Honolulu, Eklof found 254 patients with deep vein thrombosis, of whom 20% had developed clots during air travel. In European studies, Ferrari6 found 6% in Nice, and Nissen in Germany, 5%. There is a considerable range, and the true incidence of deep vein thrombosis following air travel remains unknown. Further studies by the WHO addressing the epidemiology of venous thrombosis will assist.

Risk Factors

In the absence of properly controlled clinical studies, most of our information relating to risk factors comes from hospital-based studies, looking at patients admitted to hospital to undergo surgical treatment17, 18. Immobility, a past history of deep vein thrombosis, recent surgery or injury, and an underlying thrombophilia remain the most important factors. Cancer, chronic heart disease, diabetes, and obesity are also included as risk factors. Pregnancy, oestrogen-containing oral contraceptives, and women on hormone replacement therapy, are also thought to have an increased risk. No single risk factor is likely to cause a deep vein thrombosis, but a combination of several risk factors increases the risk. Identifying risk factors will identify passengers who are increased risk during periods of travel. Unfortunately other passengers with no risk factors can also develop deep vein thrombosis. With 7-10% of the population suffering from a thrombophilia, often unknown and undiagnosed, it is not difficult to see why up to 10% of people travelling will develop an asymptomatic deep vein thrombosis. 

Frequency of travel and duration of travel are also important risk factors. 

​​​​

Current Treatment and Prophylaxis for Venous Thromboembolism

Most of the studies relate to hospitalised patients. Mechanical methods of prophylaxis including elastic compression stockings and intermittent pneumatic compression have been proven to reduce the incidence of deep vein thrombosis19. By extrapolation reduce the incidence of deep vein thrombosis is thought to reduce the risk of pulmonary embolism. A number of pharmacological approaches have been evaluated, including low dose unfractionated heparin, low molecular weight heparin, low dose Warfarin, and aspirin. There are many studies looking at the effects on reducing deep vein thrombosis, and both unfractionated low dose heparin, low molecular weight heparin, low dose Warfarin, and aspirin have been seen to have some beneficial effects.  Currently, low molecular weight heparin is the treatment of choice. Studies using unfractionated heparin, and more recently, low molecular weight heparin, have demonstrated a reduction in the incidence of pulmonary embolism18. There are as yet few properly controlled clinical studies looking at the effect of prophylaxis on air travel. Several studies have shown a beneficial effect of wearing compression stockings in both preventing asymptomatic and the symptoms of leg swelling. 

As yet, there are no studies looking at the efficacy of low molecular weight heparin, or the effects of aspirin.

Aspirin has some proven benefits in the arterial circulation, but the effects on the venous circulation remain controversial with an associated increased risk of gastrointestinal bleeding, making it difficult to recommend aspirin on a routine basis20. Currently, for most passengers, DVT prophylaxis consists of advice, exercises before, during, and after the flight, the avoidance of excessive alcohol and sleeping tablets, and advice to report symptoms at an early stage. None of these methods of prophylaxis have yet been scientifically evaluated.

Pathophysiology of Venous Stasis Oedema and Chronic Venous Insufficiency

Venous stasis and the inability to reduce venous pressure during exercise gives rise to chronic venous insufficiency with increased capillary permeability (Wenner et al, 1980)21. An experimental model using the rat tail (Nordmann & Gulati, 1983)22, 25 has been used to assess the effects of hydroxyethylrutosides (Paroven) in chronic venous insufficiency. These models were validated using plethysmography, thermography, fluorescence angiography and radioactive microspheres techniques. Paroven was a venotomic drug showing significant inhibition of the oedemogenic response in the acute and chronic phases of experimentally induced chronic venous insufficiency.

It is postulated that venous stasis leads to endothelial damage, the incorporation of inflammatory cells, with a release of oedemogenic and/or inflammatory mediators. Endothelial damage leads to increased venous permeability in the post-capillary venules (Gulati et al, 1983)23. The same group showed oedemogenic mediators, including histamine, leukotriene C4 and leukotriene D4 and inflammatory mediators like cytokines, prostaglandins, also increased vascular permeability leading to fluid leaving the intravascular compartment for the extra-cellular spaces. This process was further aided by increased venous pressure, in particular the ability to be unable to reduce it. The accumulation of fluid in the extra-cellular compartment has an osmotic effect increasing oedema further. With increased local inflammation of the veins, red blood cells leave the circulation and form part of the process ultimately giving rise to lipodermatosclerosis. 

Pathophysiology of Deep Vein Thrombosis

Virchow 195624, noted that venous stasis, combined with damage to the venous endothelium, plus changes in the blood’s ability to coagulate, would predispose to the development of a deep vein thrombosis. Immobility remains an important factor, but it is changes in the endothelial lining, and changes in the blood’s ability to coagulate which are not only important in the process of forming a deep vein thrombosis, but also important because we can influence these changes, reducing the risk of deep vein thrombosis. Any insult to the vascular endothelium will make it thrombogenic, with platelets aggregating to the area, giving rise to microthrombi. The microthrombi release platelet activating factors adhesive molecules leading to further aggregation of platelets and red blood cells. Venous stasis leads to slowing of the blood flow, with the development of intravascular thrombosis. Thrombokinase released from microthrombi convert prothrombin to thrombin. Thrombin converting fibrinogen to fibrin, forming the basis of a clot. As platelets and red blood cells become incorporated, clot develops.

Pathophysiology of Motion Sickness

Motion sickness (MS) is an illness triggered by sensory conflicts involving the vestibular system, occurring when sensory inputs regarding body position in space are contradictory or different from those predicted from experience.

Gastric dysrhythmia (tachygastria) has been associated with the pathophysiology of motion sickness (Stern et al, 198726, 198927). Vasopressin is released from neurohypophysis during motion sickness, which mediates nausea. Elevated plasma vasopressin levels demonstrate a close temporal relationship with the development and resolution of nausea evoked by circular vecation (Koch et al, 199028; Xu et al, 199329; Kim et al, 1997). Selective vasopressin antagonists have been shown to abolish symptoms of motion sickness in primates (Cheung, B.S. Kohl, R.L, Money K.E and Kinter, L.B., 1994)31.

Nausea associated with motion sickness is unpleasant. Current anti-motion sickness medication includes antimuscarinics and antihistamines. These agents produce incomplete symptom control and elicit significant side effects such as dry mouth, lethargy and drowsiness.

Biological Profile of Pycnogenol(
Biological profile of Pycnogenol( and its clinical activities have been reviewed by Packer and his co-workers (1999)32 and Rohdewald (2001)33. For the purpose of this review we will consider those studies, which are relevant to the product Zinopin( in context with the rationale of its development. 

The most obvious feature of Pycnogenol( is its strong antioxidant activity owing to the basic chemical structure of its components procyanidins and phenolic acids. Various studies have addressed its antioxidant capacity in simplified assay systems in vitro34, cultured cell models35-38, in vivo in animals39-40 and in clinical studies41.   

Interestingly Nelson & co-workers40 studied the capacity of Pycnogenol( to protect the low density lipoprotein (LDL) fraction of human plasma from copper-induced oxidation and have reported a dose-dependant decrease in lipid peroxide generation with of Pycnogenol( concentrations as low as 2(g/ml showing 50 times more potency than tocopherol acetate. Similarly and Chida and his co-workers’ study of Pycnogenol( among different known antioxidants and found Pycnogenol( to be many fold more potent than vitamin C, E and grape seed extract in the lipid peroxidation model using bovine retinal cell model42. An increase in antioxidative enzyme system (GSH redo enzymes, SOD and catalane) has been demonstrated in two independent studies in vitro38-39. 

Interestingly, a strong correlation between antioxidant activity in vivo and anti-inflammatory activity in vivo has been demonstrated indication the role of oxidative stress in inflammation and anti-inflammatory mechanism of Pycnogenol( working through its anti-oxidant activity40.

Anti-inflammatory activity of Pycnogenol( is well documented40,43-44. One of the molecular features of the UV induced inflammatory response is the activation of the transcription factor NF-(B which in turn regulates the expression of different inflammatory cytokines and triggers the inflammatory response34. Pycnogenol( has been shown to significantly inhibit this activation. In addition, Pycnogenol( reduces production of reactive oxygen and nitrogen species in activated immune cells44. The oxidative burst of macrophages releasing superoxide and hydroxyl radical including hydrogen peroxide is inhibited by 75% on pre-incubation with 20 (g of Pycnogenol( in vitro45. Furthermore the production of the pro-inflammatory interleukin-1 is inhibited by Pycnogenol( in the same cell system46. Adhesion molecules are needed for penetration of inflammatory cells into tissues. At the transcriptional level, the expression of the adhesion molecule (iCAM-1 is inhibited by pre-incubation of Pycnogenol( with keratinocytes47. Pre-incubation of endothelial cells with Pycnogenol( inhibits TNF-(-induced activation of NF-(B, VCAM-1 expression and release of H202 and oxygen radicals48. Pycnogenol( has been shown to provide protection against UV induced damage to skin in vitro48 as well as in humans46.

Another interesting feature of Pycnogenol( is its anti-thrombosis profile, relevant to the subject matter of this review. Pycnogenol( inhibits platelet reactivity induced by cigarette smoking, without producing any adverse effect on the bleeding time that characterises aspirin use49. Pütter and his collaborators have observed that in a group of heavy smokers, platelet aggregation was prevented either by 500 mg of acetylsalicylic acid (aspirin) or 100 mg of Pycnogenol(. At a dose of 200 mg of Pycnogenol( the inhibitory effect on platelet reactivity remained evident for over three days after administration of Pycnogenol(. The authors suggest that this activity of Pycnogenol( is related to its nitric oxide releasing capacity from the endothelial cells50-51, which in turn would inhibit the synthesis of thrombaxane A-2. In a clinical study with 60 patients meeting the diagnostic criteria of coronary heart disease, it was reported that Pycnogenol( administered for four weeks inhibited the adhesion and aggregation of platelets, enhanced the capillary diameter and improved the microcirculation52. The cardiovascular profile of Pycnogenol( has been reviewed by Watson53. Interestingly, Pycnogenol( has been shown to decrease the levels of thrombaxane in an independent clinical study54. 

Biological Profile of Ginger Extract

Ginger extract has been shown to have anti-platelet aggregation activity in humans55. In addition to inhibiting platelet aggregation, it also reduces platelet thrombaxane synthesis both in vitro and in vivo56, 57, 58. Ginger inhibits thrombaxane synthesis and stimulates synthesis and stimulates synthesis of prostacyclin59. 

Beneficial effects of ginger 0.5 and 1g ginger in a double blind randomised clinical trial has been shown in nausea and vomiting following surgery60-62 and in morning sickness63, 64, motion sickness and sea sickness65-69.

Different hypotheses have been put forward:

Ginger improves the effects of motion sickness through its aromatic, carminative and possible absorbent properties, which are thought to block gastrointestinal reaction and subsequent nausea feedback (Mowrey and Clason, 1982). Unlike anti-motion sickness drugs, it does not reduce vestibular optokinetic nystagmus (Lamb, 1993). Gingers action is peripheral and not central and thus not associated with general side effects such as drowsiness common to centrally acting anti-emetics.

By acting through blocking the 5-HT3 pathway (Yamahara et al, 1989).
It is thought that ginger may act by increasing gastrointestinal motility reducing the feedback from the GI tract to central chemo receptors69-70. Ginger juice produce anti-motion sickness by central and peripheral anti-cholinergic and anti-histaminic effects71.

Some researchers believe that ginger produces beneficial effects in motion sickness by preventing the development of gastric dysrhythmias and elevation of plasma vasopressin72.

Ginger has been shown to produce anti-oxidant effects in vitro and in vivo73, 74.

Anti-inflammatory actions of ginger have been shown in different animal models. Jana et al, demonstrated that ginger (100mg/kg) was effective as acetylsalicylic acid (100mg/kg) in reducing carrageen in induced oedema in rats. Similar results have been reported by Mascolo and his colleagues75. The anti-inflammatory action is thought to be due to inhibition of prostaglandin release like other non-steroidal anti-inflammatory drugs, in clinical conditions32, 33, 30.

Clinical Experience with Pycnogenol(
Five placebo-controlled, double blind studies involving a total of 149 patients and three double blind, controlled studies in a total of 231 patients have demonstrated that Pycnogenol( significantly improved pain, occurrence of cramps, heaviness of legs and significantly reduced swelling in the lower leg and ankle76. Two independent studies with 40 patients each confirmed the efficacy of Pycnogenol( in chronic venous insufficiency77-78. Another blind study compared the effects of horse chestnut seed extract and Pycnogenol( by measuring the circumference of the lower limb in patients with CVI. A fast onset of action was shown by Pycnogenol( with a significant reduction in leg circumference as compared to horse chestnut extract79.

Rationale of the Development of Zinopin(
Zinopin( is a combination of ginger extract and Pycnogenol(. Pycnogenol( is an anti-oxidant, and effective anti-inflammatory agent, reducing capillary permeability, and has an anti-thrombotic effect inhibiting platelet activity. By reducing capillary permeability there is a reduction in oedema formation, reduced epithelial damage, and this combined with its effect on inhibiting platelet activity, has been shown in clinical studies to reduce oedema, and the clinical symptoms of heaviness of the legs, ankle swelling and a reduction in calf cramps.

Pycnogenol( has been combined with ginger because ginger is also known to have anti-platelet aggregation activity, inhibiting thromboxane symphysis, but also effective in preventing motion sickness.

It is thought that ginger acts in a peripheral capacity, avoiding the common side effects of centrally acting anti-emetics, which includes drowsiness. The combination of ginger and Pycnogenol( therefore seems an appropriate travel supplement. 

Clinical Studies of Zinopin(
Zinopin( is currently being taken by travellers that are travelling for more than eight hours, and who are over eighteen years of age. There have been no exclusions from this study. Prior to entering the study, a full medical history is obtained, including a history of recent flights and the duration of those flights. Any current medication is noted and passengers are asked to record any use of medication during the study period. No specific advice about travel was given to any passenger, and the passengers took one Zinopin( tablet the day before flight, two on the day of flight, and a further tablet on each of the three further days. On their return all passengers completed a questionnaire looking specifically for leg and chest symptoms. Passengers took the Zinopin( on both the outward bound and the return flights.  

Results

The study is ongoing and passengers are still being recruited. No passenger has developed a symptomatic deep vein thrombosis. More than 50% of the passengers taking Zinopin( commented spontaneously that they had less ankle swelling. This was not objectively measured and is a subjective assessment, but entirely consistent with previous studies using Pycnogenol(.

The results will be analysed on an intention-to-treat basis. It will form the basis of a pilot study, leading to a full double blind study to assess the benefits of taking a travel supplement.

Conclusions

Deep vein thrombosis is far more common than was originally appreciated. Whilst in the majority of cases a deep vein thrombosis will resolve with complete resolution, in some people, damage to the vein wall remains, predisposing to further thrombotic episodes. A deep vein thrombosis may be associated with risk factors, but not always. There are  occasional episodes of spontaneous deep vein thrombosis in passengers with no obvious risk factors. The deep vein thrombosis may occur two weeks or more after a flight, and may not be associated with travel. There is no evidence to date to suggest that travel-related thrombosis is specific to airline travel, and the current link is simply to one of immobility. 

Many passengers take aspirin, but there is little clinical evidence of the benefits of aspirin and significant risks from gastrointestinal bleeding. Pycnogenol( has many of the benefits of aspirin, without the risk of gastrointestinal bleeding. There are additional benefits of Pycnogenol( in terms of the circulation, reduction of tissue fluid, and the resultant oedema. Ginger similarly has many effects which could be seen to be beneficial in the prevention of venous thrombosis, and in addition to this, an anti-nauseous effect, which makes it an ideal ingredient for any travel supplement. Preliminary studies with the Zinopin( show not only that it is effective, it is well tolerated, and not been associated with any significant side-effects.
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